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HETEROCYCLIC COMPOUND AND USE
THEREOF

TECHNICAL FIELD OF THE INVENTION

The present invention relates to a heterocyclic compound
and the like, which has a superior renin inhibitory activity and
is useful as an agent for the prophylaxis or treatment of
hypertension, various organ damages attributable to hyper-
tension, and the like.

BACKGROUND OF THE INVENTION

Hypertension is one of representative lifestyle-related dis-
eases. Hypertension which is left untreated for long time lays
a heavy burden on the cardiovascular system and results in
arteriosclerosis to progress, thus causing various disorders in
important organs, such as cerebral hemorrhage, cerebral inf-
arction, cardiac failure, angina pectoris, myocardial infarc-
tion, renal failure and the like. Accordingly, the purpose of
treating hypertension lies not only in lowering the blood
pressure, but also in improving and/or preventing disorders in
important organs including brain, heart and kidney, by con-
trolling the blood pressure. As a method of treating hyperten-
sion, there are available fundamental treatments based on
improvement in the lifestyle, such as dietetic therapy, exercise
therapy and the like, as well as an attempt to control the blood
pressure by positive pharmaceutical intervention.

The renin-angiotensin (RA) system is a system of biosyn-
thesis of angiotensin II (AIl), which is a major vasopressor
factor, and takes an important role in the control of the blood
pressure and the amount of body fluid. AIl exhibits a strong
vasoconstrictive effect brought by the intervention of All
receptors on the cellular membrane, thus raising the blood
pressure, and also promotes cellular propagation or produc-
tion of extracellular matrix by directly acting on the All
receptors in the cardiac cells or renal cells. Therefore, drugs
inhibiting increase in the activity of the RA system can be
expected to have a blood pressure lowering action as well as
apowerful organ protecting action, and thus active researches
on such drugs have been conducted so far.

The method of inhibiting the AII action is broadly classi-
fied into methods of inhibiting the biosynthesis of AIl and
methods of inhibiting the binding of Al to AII receptors. For
the drugs inhibiting the biosynthesis of All, angiotensin con-
verting enzyme (ACE) inhibitory drugs have been already put
to practical use and are being confirmed to have a blood
pressure lowering action as well as an effect for protecting
various organs. However, since ACE is an enzyme identical to
kininase 11, which is a bradykinin degrading enzyme, ACE
inhibitory drug inhibits the biosynthesis of All as well as the
degradation of bradykinin. As a result, ACE inhibitory drugs
are believed to induce side effects such as dry cough,
angioedema and the like, which are considered to be caused
by accumulation of bradykinin.

As the drugs inhibiting the binding of AII to Al receptors,
AlI type 1 receptor blockers (ARB) have been developed.
ARB has a merit in that it can inhibit, at the receptor level, the
action of AlI that is biosynthesized by not only ACE but also
an enzyme other than ACE, such as chymase and the like. It is
known that administration of ACE inhibitors and ARB
increases the plasma renin activity (PRA) as a compensatory
feedback effect, since these drugs act on a more peripheral
region of the RA system.

Renin is an enzyme occupying a position at the uppermost
stream of the RA system, and converts angiotensinogen to
angiotensin I. A renin inhibitory drug inhibits the RA system
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by inhibiting the biosynthesis of All in the same manner as the
ACE inhibitory drugs do, and thus can be expected to have a
blood pressure lowering action or an effect of protecting
various organs. Since the renin inhibitory drug does not have
influence on the metabolism of bradykinin, it is believed to
have no risk of side effects such as dry cough and the like, that
are observed with the ACE inhibitory drugs. Furthermore,
while the ACE inhibitory drugs or ARB increase the PRA
level, the renin inhibitory drugs are the only drugs that can
reduce PRA.

As renin inhibitors, orally administrable Aliskiren has been
reported (Chem. Biol., 2000, vol. 7, pages 493-504; Hyper-
tension, 2003, vol. 42, pages 1137-1143; J. Hypertens., 2005,
vol. 23, pages 417-426 etc.).

As other renin inhibitors, the following compounds have
been reported.

(1) A compound represented by the formula

Y
R¥ H

X
SRS
G Il\] R3{ \/\RSb
RZ
wherein G is any one of groups represented by the following

formulas (a) to (c)

(@)

RY \J

RY
Rld Rle
Rlo )
\
N\
~
Rlc / \ \
[— le
Rld Rle
plo (e)
Rlb \N/
ey
_/ ®v
Rld Rle

R'“is an optionally substituted C,_4 alkyl group, an optionally
substituted C,_4 alkenyl group, an optionally substituted C,
alkynyl group, an optionally substituted C,_,, cycloalkyl
group, an optionally substituted C;_¢ cycloalkenyl group oran
optionally substituted 5-membered to 10-membered mono-
cyclic or polycyclic heteroaryl-C, _, alkyl group;

R'?, R'¢, R and R'° are the same or different and each
independently is a hydrogen atom, a halogen atom, a
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hydroxyl group, a formyl group, a carboxy group, a cyano
group, an optionally substituted C,  alkyl group, an option-
ally substituted C,_, alkenyl group, an optionally substituted
C,_¢ alkynyl group, an optionally substituted C;_, , cycloalkyl
group, an optionally substituted C;_g cycloalkenyl group, an
optionally substituted Cg_,, aryl group, an optionally substi-
tuted C,_, , aralkyl group, an optionally substituted 5-mem-
bered to 10-membered monocyclic or polycyclic heteroaryl
group, an optionally substituted S-membered to 10-mem-
bered monocyclic or polycyclic heteroaryl C, _, alkyl group,
an optionally substituted saturated heterocyclic group, an
optionally substituted C, ¢ alkylthio group, an optionally sub-
stituted C, 4 alkylsulfinyl group, an optionally substituted
C, ¢ alkylsulfonyl group, an optionally substituted C |,
arylthio group, an optionally substituted Cq_,, arylsulfinyl
group, an optionally substituted C_, , arylsulfonyl group, an
optionally substituted C, , alkoxy group, an optionally sub-
stituted C,_g alkynyloxy group, an optionally substituted C;_g
cycloalkyloxy group, an optionally substituted C,_,, aryloxy
group, an optionally substituted C,_, , aralkyloxy group, an
optionally substituted 5-membered to 10-membered mono-
cyclic or polycyclic heteroaryloxy group, an optionally sub-
stituted 5-membered to 10-membered monocyclic or polycy-
clic heteroaryl C,_, alkyloxy group, an optionally substituted
amino group, an optionally substituted aminocarbonyl group,
an optionally substituted aminocarbonyloxy group, an
optionally substituted aminosulfonyl group, an optionally
substituted C,_; alkoxycarbonyl group, an optionally substi-
tuted C,_ cycloalkyloxycarbonyl group, an optionally sub-
stituted C,_, alkylcarbonyl group, an optionally substituted
C,_¢ cycloalkylcarbonyl group, an optionally substituted
Cs.10 arylcarbonyl group or an optionally substituted 5S-mem-
bered to 10-membered monocyclic or polycyclic heteroaryl-
carbonyl group;

RY'is a hydrogen atom, a halogen atom, a hydroxyl group, a
cyano group, an optionally substituted C, 4 alkyl group, an
optionally substituted C,_¢ alkenyl group, an optionally sub-
stituted C,_¢ alkynyl group, an optionally substituted C;_;,
cycloalkyl group, an optionally substituted C;_g cycloalkenyl
group, an optionally substituted C_,, aryl group, an option-
ally substituted C,_, , aralkyl group, an optionally substituted
5-membered to 10-membered monocyclic or polycyclic het-
eroaryl group, an optionally substituted 5-membered to
10-membered monocyclic or polycyclic heteroaryl C, _, alkyl
group, an optionally substituted saturated heterocyclic group,
an optionally substituted C,_ alkylthio group, an optionally
substituted C,  alkylsulfinyl group, an optionally substituted
C, ¢ alkylsulfonyl group, an optionally substituted C, ¢
alkoxy group, an optionally substituted C; , alkynyloxy
group, an optionally substituted C;_¢ cycloalkyloxy group, an
optionally substituted C4_, , aryloxy group, an optionally sub-
stituted C,_,, aralkyloxy group, an optionally substituted
5-membered to 10-membered monocyclic or polycyclic het-
eroaryl C, _, alkyloxy group, an optionally substituted amino
group, an optionally substituted aminocarbonyl group, an
optionally substituted aminosulfonyl group, an optionally
substituted C,_, alkoxycarbonyl group, an optionally substi-
tuted C,_ cycloalkyloxycarbonyl group, an optionally sub-
stituted C,_, alkylcarbonyl group, an optionally substituted
C,_¢ cycloalkylcarbonyl group, an optionally substituted
Cs_10 arylcarbonyl group or an optionally substituted 5-mem-
bered to 10-membered monocyclic or polycyclic heteroaryl-
carbonyl group;

R? is an optionally substituted C,_, alkyl group, an optionally
substituted C,_ alkenyl group, an optionally substituted C, ¢
alkynyl group, an optionally substituted C;_ 4 cycloalkyl
group, an optionally substituted C;_g cycloalkenyl group, an
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optionally substituted Cg_, , aryl group, an optionally substi-
tuted C,_, , aralkyl group or an optionally substituted 5-mem-
bered to 10-membered monocyclic or polycyclic heteroaryl
group;

R3?, R3 R3° and R3? are the same or different and each
independently is a halogen atom, a cyano group or a group:
-A-B (wherein A is a single bond, —(CH,),0-, —(CH,) N
(R*)—, —(CH,),80,—, —(CH,) CO—, —(CI,),CO0—,

—(CH,)N(RHCO—, —(CH,)N(RHSO,—, —(CH,),N
(RHCOO—, —(CH,),0CONR*)—, —(CH,),0—CO—,
—(CH)ONRY)—,  —(CH)NRHCONR*—  or

—(CH,),SO.N(R*—, B is a hydrogen atom, an optionally
substituted C, ¢ alkyl group, an optionally substituted C,_¢
alkenyl group, an optionally substituted C,_¢ alkynyl group,
an optionally substituted C;_, cycloalkyl group, an optionally
substituted C_g cycloalkenyl group, an optionally substituted
Cq.10 aryl group, an optionally substituted C,_, aralkyl
group, an optionally substituted 5-membered to 10-mem-
bered monocyclic or polycyclic heteroaryl group, an option-
ally substituted 5-membered to 10-membered monocyclic or
polycyclic heteroaryl C,_, alkyl group or an optionally sub-
stituted 5-membered or 6-membered saturated heterocyclic
group (when A is —(CH,) N(R*)—, —(CH,,), OCONR*)—,
—(CH,),CON(RH)—, —(CH,),NR»CONR"H—  or
—(CH,),SO,N(R*—, R*and B may be bonded to each other
to form a ring)), or two of R**, R*”, R“ and R3“ are hydrogen
atoms, and the other two are bonded to each other to form a
bridged ring together with the hetero ring;

R* is a hydrogen atom, an optionally substituted C, 4 alkyl
group, an optionally substituted C, ¢ cycloalkyl group, an
optionally substituted C,_, , aryl group, an optionally substi-
tuted C,_, , aralkyl group or an optionally substituted 5-mem-
bered to 10-membered monocyclic or polycyclic heteroaryl
group;

sis 0, 1 or 2 (when A is —(CH,) N(R*—, s is 0 or 2, and
when A is —(CH,) CON(R*)—, s is 1 or 2); and

nis 0, 1 or 2, or a salt thereof (see WO2009/14217).

(2) A compound represented by the formula

@

R¥ H
N
. RV 0O G OH
RI\N/\/\)k /[ \j R3a
N /\/\
Rlb | R3c R3b
o)

R2

Rlc Rle

Rld

wherein R'“ is an optionally substituted C,_ alkyl group, an
optionally substituted C,_,, alkenyl group, an optionally sub-
stituted C, ¢ alkynyl group, an optionally substituted C;_
cycloalkyl group, an optionally substituted C;_g cycloalkenyl
group, an optionally substituted C, ¢ alkylsulfinyl group, an
optionally substituted C, ¢ alkylsulfonyl group, an optionally
substituted aminocarbonyl group, an optionally substituted
C,_, alkoxycarbonyl group or an optionally substituted C, ,
alkylcarbonyl group;

R'? and R'® are the same or different and each independently
is a hydrogen atom, a halogen atom, a cyano group, an option-
ally substituted C, ¢ alkyl group, an optionally substituted
C,_¢ alkoxy group, an optionally substituted C, ¢ cycloalky-
loxy group or an optionally substituted aminocarbonyl group;
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R'<and R'“ are the same or different and each independently
is a hydrogen atom, a halogen atom, a hydroxyl group, a
formyl group, a carboxy group, a cyano group, an optionally
substituted C, ¢ alkyl group, an optionally substituted C,_¢
alkenyl group, an optionally substituted C,_s alkynyl group,
an optionally substituted C;_,, cycloalkyl group, an option-
ally substituted C_g cycloalkenyl group, an optionally sub-
stituted C,_,, aryl group, an optionally substituted C,_,,
aralkyl group, an optionally substituted S-membered to
10-membered monocyclic or polycyclic heteroaryl group, an
optionally substituted 5-membered to 10-membered mono-
cyclic or polycyclic heteroaryl C, _, alkyl group, an optionally
substituted saturated heterocyclic group, an optionally sub-
stituted C, ¢ alkylthio group, an optionally substituted C,
alkylsulfinyl group, an optionally substituted C, _ alkylsulfo-
nyl group, an optionally substituted C_,, arylthio group, an
optionally substituted Cq_,, arylsulfinyl group, an optionally
substituted Cq4_,,, arylsulfonyl group, an optionally substi-
tuted C,_ alkoxy group, an optionally substituted C;_; alky-
nyloxy group, an optionally substituted C;_,, cycloalkyloxy
group, an optionally substituted C ,, aryloxy group, an
optionally substituted C,_,, aralkyloxy group, an optionally
substituted S-membered to 10-membered monocyclic or
polycyclic heteroaryloxy group, an optionally substituted
5-membered to 10-membered monocyclic or polycyclic het-
eroaryl C, _, alkyloxy group, an optionally substituted amino
group, an optionally substituted aminocarbonyl group, an
optionally substituted aminosulfonyl group, an optionally
substituted C,_, alkoxycarbonyl group, an optionally substi-
tuted C;_4 cycloalkyloxycarbonyl group, an optionally sub-
stituted C,_, alkylcarbonyl group, an optionally substituted
C,_¢ cycloalkylcarbonyl group, an optionally substituted
Cs_10 arylcarbonyl group or an optionally substituted 5-mem-
bered to 10-membered monocyclic or polycyclic heteroaryl-
carbonyl group;

RY are the same or different and each independently is a
hydrogen atom, a halogen atom, a cyano group, an optionally
substituted C, ¢ alkyl group, an optionally substituted C, ¢
alkoxy group, an optionally substituted C;_,, cycloalkyl
group, an optionally substituted C,  alkenyl group, an
optionally substituted C,_¢ alkenyloxy group, an optionally
substituted C,_4 alkynyl group, an optionally substituted C;_
alkynyloxy group or an optionally substituted C;
cycloalkyloxy group;

R? is an optionally substituted C,_¢ alkyl group, an optionally
substituted C,_ alkenyl group, an optionally substituted C, ¢
alkynyl group, an optionally substituted C;_, cycloalkyl
group, an optionally substituted C;_g cycloalkenyl group, an
optionally substituted C,_,, aryl group, an optionally substi-
tuted C,_, , aralkyl group or an optionally substituted 5-mem-
bered to 10-membered monocyclic or polycyclic heteroaryl
group;

R3% R, R3¢ and R3*? are the same or different and each
independently is a halogen atom, a cyano group or a group:
-A-B (wherein A is a single bond, —(CH,),0-, —(CH,) N
(R*)—, —(CH,),80,—, —(CH,),CO—, —(CI,),CO0-—,

—(CHy) N(R)CO—, —(CH,)NR*SO,—, —(CH,),N
(RHCOO—, —(CH,),0CON(R*)—, —(CH,),0—CO—,
—(CH,), ONR*—,  —(CH,)NRHCONR*—  or
—(CH,),SO,N(R*)—,

B is a hydrogen atom, an optionally substituted C,  alkyl
group, an optionally substituted C, , alkenyl group, an
optionally substituted C,_s alkynyl group, an optionally sub-
stituted C;_¢ cycloalkyl group, an optionally substituted Cs_g
cycloalkenyl group, an optionally substituted Cg,, aryl
group, an optionally substituted C,_,, aralkyl group, an
optionally substituted 5-membered to 10-membered mono-
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6

cyclic or polycyclic heteroaryl group, an optionally substi-
tuted S-membered to 10-membered monocyclic or polycyclic
heteroaryl C, _, alkyl group or an optionally substituted satu-
rated heterocyclic group (when A is —(CH,)N(R*)—,
—(CH,),0CON(R*)—, —(CH,),CON(R%)—, —(CH,)N
(RHCON(R*— or —(CH,),SO,N(R*)—, R* and B may be
bonded to each other to form a ring)), or two of R*%, R3?, R3¢
and R3? are hydrogen atoms, and the other two are bonded to
each other to form a bridged ring together with the hetero
rnng;

R* is a hydrogen atom, an optionally substituted C, 4 alkyl
group, an optionally substituted C, ¢ cycloalkyl group, an
optionally substituted Cg_, , aryl group, an optionally substi-
tuted C,_, , aralkyl group or an optionally substituted 5-mem-
bered to 10-membered monocyclic or a polycyclic heteroaryl
group;

sis 0, 1 or 2 (when A is —(CH,) N(R*)—, s is 0 or 2, and
when A is —(CH,) CON(R*)—, s is 1 or 2); and

nis 0, 1 or 2, or a salt thereof (see WO2009/05002).

(3) A compound represented by the formula

wherein

R! is a substituent;

R? is a cyclic group optionally having substituent(s), a
C, ., alkyl optionally having substituent(s), a C,_,, alkenyl
optionally having substituent(s) or a C,_, alkynyl optionally
having substituent(s);

R? is a hydrogen atom, a halogen atom, a C,_4 alkyl or C, ¢
alkoxy;

ring A is a nitrogen-containing heterocycle optionally hav-
ing substituent (s); and

ring B is a piperazine optionally further having substitu-
ent(s) besides R*, or a salt thereof (see W02009/001915).
(4) A compound represented by the formula

R} N R*
R I
RI/N\TIO RS
RG

wherein R' is A) an alkyl group substituted by the group
selected from 1) an optionally substituted alkoxy group, 2) a
hydroxyl group, 3) a halogen atom, 4) an optionally substi-
tuted aryl group, 5) an optionally substituted tetrahydronaph-
thyl group, 6) an optionally substituted indolyl group, 7) an
optionally substituted benzofuranyl group, 8) an optionally
substituted benzothienyl group, 9) an optionally substituted
quinolyl group, 10) an optionally substituted dihydrochrome-
nyl group, 11) an optionally substituted dihydrobenzofuranyl
group, 12) an optionally substituted indazolyl group, 13) an
optionally substituted pyrrolopyridinyl group, 14) an option-
ally substituted benzoxazinyl group, 15) an optionally sub-
stituted xanthenyl group, 16) an optionally substituted indoli-
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nyl group and 17) an optionally substituted imidazopyridinyl
group, B) an optionally substituted aryl group, C) an option-
ally substituted heterocyclic group, D) a cycloalkyl group or
E) an alkyl group,

R?is A)an alkyl group substituted by the group selected from
1) an optionally substituted alkoxy group, 2) a hydroxyl
group, 3) a halogen atom, 4) an optionally substituted aryl
group, 5) an optionally substituted tetrahydronaphthyl group,
6) an optionally substituted indolyl group, 7) an optionally
substituted benzofuranyl group, 8) an optionally substituted
benzothienyl group, 9) an optionally substituted quinolyl
group, 10) an optionally substituted dihydrochromenyl
group, 11) an optionally substituted dihydrobenzofuranyl
group, 12) an optionally substituted indazolyl group, 13) an
optionally substituted pyrrolopyridinyl group, 14) an option-
ally substituted benzoxazinyl group, 15) an optionally sub-
stituted xanthenyl group, 16) an optionally substituted indoli-
nyl group and 17) an optionally substituted imidazopyridinyl
group, B) an optionally substituted aryl group, C) an option-
ally substituted heterocyclic group, D) an optionally substi-
tuted alkylcarbonyl group, E) an optionally substituted aryl-
carbonyl group, F) an optionally substituted heterocyclic
group-substituted carbonyl group or G) a cycloalkylcarbonyl
group,

T is a methylene group or a carbonyl group, and

R3 R* R’ and RS are the same or different and each is a
hydrogen atom, an optionally substituted carbamoyl group or
an optionally a substituted alkyl group, or a salt thereof (see
WO2008/153182).

(5) A compound represented by the formula

R3d H
ng
R i _R3a
R ) R3C R3b
X )
R2
Rlc Rle
Rl

wherein R'“ is an optionally substituted C, ¢ alkyl group, a
C,_¢ cycloalkyl group substituted by C,_, alkoxy, an option-
ally substituted C,_ alkenyl group, an optionally substituted
C,_¢ alkenyloxy group, an optionally substituted C;_¢ alkynyl
group, an optionally substituted C;_, alkynyloxy group, an
optionally substituted C,_¢ alkylsulfinyl group, an optionally
substituted C,_¢ alkylsulfonyl group, an optionally substi-
tuted C, ¢ alkoxy group, an optionally substituted amino
group, an optionally substituted aminocarbonyl group, an
optionally substituted C, , alkoxycarbonyl group or an
optionally substituted C, _, alkylcarbonyl group;

R!'” and R'¢ are each a hydrogen atom, a halogen atom, a
cyano group, an optionally substituted C, 4 alkyl group, an
optionally substituted C, , alkoxy group, an optionally sub-
stituted C,_¢ cycloalkyloxy group or an optionally substituted
aminocarbonyl group;

R'¢and R'“ are the same or different and each independently
is a hydrogen atom, a halogen atom, a hydroxyl group, a
formyl group, a carboxy group, a cyano group, an optionally
substituted C, ¢ alkyl group, an optionally substituted C,_¢
alkenyl group, an optionally substituted C,_s alkynyl group,
an optionally substituted C;_,, cycloalkyl group, an option-
ally substituted Cs_¢ cycloalkenyl group, an optionally sub-
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8

stituted C,_,, aryl group, an optionally substituted C,_,,
aralkyl group, an optionally substituted S5-membered to
10-membered monocyclic or polycyclic heteroaryl group, an
optionally substituted 5-membered to 10-membered mono-
cyclic or polycyclic heteroaryl C, _, alkyl group, an optionally
substituted saturated heterocyclic group, an optionally sub-
stituted C,_ alkylthio group, an optionally substituted C,
alkylsulfinyl group, an optionally substituted C, ¢ alkylsulfo-
nyl group, an optionally substituted C,_| , arylthio group, an
optionally substituted Cq_,, arylsulfinyl group, an optionally
substituted Cg4_,,, arylsulfonyl group, an optionally substi-
tuted C,_, alkoxy group, an optionally substituted C;_; alky-
nyloxy group, an optionally substituted C;_,, cycloalkyloxy
group, an optionally substituted C,_ ,, aryloxy group, an
optionally substituted C,_,, aralkyloxy group, an optionally
substituted S-membered to 10-membered monocyclic or
polycyclic heteroaryloxy group, an optionally substituted
5-membered to 10-membered monocyclic or polycyclic het-
eroaryl C, _, alkyloxy group, an optionally substituted amino
group, an optionally substituted aminocarbonyl group, an
optionally substituted aminosulfonyl group, an optionally
substituted C, _, alkoxycarbonyl group, an optionally substi-
tuted C,_,, cycloalkyloxycarbonyl group, an optionally sub-
stituted C, _, alkylcarbonyl group, an optionally substituted
C;5 4o cycloalkylcarbonyl group, an optionally substituted
Cs.10 arylcarbonyl group or an optionally substituted 5-mem-
bered to 10-membered monocyclic or polycyclic heteroaryl-
carbonyl group;

RY and R'# are the same or different and each independently
is a hydrogen atom, a halogen atom, a cyano group, an option-
ally substituted C, ¢ alkyl group, an optionally substituted
C,_¢ alkoxy group, an optionally substituted C;_,, cycloalkyl
group, an optionally substituted C,  alkenyl group, an
optionally substituted C, 4 alkenyloxy group, an optionally
substituted C;_4 alkynyl group, an optionally substituted C;_
alkynyloxy group or an optionally substituted C; o
cycloalkyloxy group;

R?is an optionally substituted C,_, alkyl group, an optionally
substituted C,_g alkenyl group, an optionally substituted C,_¢
alkynyl group, an optionally substituted C;_, cycloalkyl
group, an optionally substituted C;_g cycloalkenyl group, an
optionally substituted C,_, , aryl group, an optionally substi-
tuted C,_, , aralkyl group or an optionally substituted 5-mem-
bered to 10-membered monocyclic or polycyclic heteroaryl
group;

R3? R, R3° and R are the same or different and each
independently is a halogen atom, a cyano group or a group:

-A-B (wherein A is a single bond, —(CH,)0-, —(CH,) N
(R*)—, —(CH,) SO,—, —(CH,),CO—, —(CH,),CO0—,
—(CH,) N(RH)CO—, —(CH,)N(RHSO,—, —(CH,),N
(RHCOO—, —(CH,),0CON(R*—, —(CH,),0—CO—,
—(CH,),ON(R*)—, —(CH,) N(R*)CONR*— or
—(CH,),SO,N(RH)—,

B is a hydrogen atom, an optionally substituted C,_ alkyl
group, an optionally substituted C, , alkenyl group, an
optionally substituted C,_s alkynyl group, an optionally sub-
stituted C;_¢ cycloalkyl group, an optionally substituted Cs_g
cycloalkenyl group, an optionally substituted Cg,, aryl
group, an optionally substituted C,_,, aralkyl group, an
optionally substituted 5-membered to 10-membered mono-
cyclic or polycyclic heteroaryl group, an optionally substi-
tuted S-membered to 10-membered monocyclic or polycyclic
heteroaryl C, , alkyl group or an optionally substituted satu-
rated heterocyclic group (when A is —(CH,)N(R*)—,
—(CH,) 0CON(R*)—, —(CH,),CONRY)—, —(CH,)N
(RHCON(R*H— or —(CH,),SO,N(R*)—, R* and B may be
bonded to each other to form a ring)), or two of R*%, R3?, R3¢
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and R3? are hydrogen atoms, and the other two are bonded to
each other to form a bridged ring together with the hetero
ring;

R* is a hydrogen atom, an optionally substituted C,_4 alkyl
group, an optionally substituted C; ¢ cycloalkyl group, an
optionally substituted Cg_,, aryl group, an optionally substi-
tuted C,_, , aralkyl group or an optionally substituted 5-mem-
bered to 10-membered monocyclic or a polycyclic heteroaryl
group;

sis 0, 1 or 2 (when A is —(CH,).N(R*)—, s is 0 or 2, and
when A is —(CH,) CON(R*)—, s is 1 or 2); and

nis 0, 1 or 2, or a salt thereof (see WO2008/153135).

(6) A compound represented by the formula

wherein

R' is a substituent,

R? is a cyclic group optionally having substituent(s), C,_,,
alkyl optionally having substituent(s), C,_;, alkenyl option-
ally having substituent(s) or C,_,, alkynyl optionally having
substituent(s),

R? is a hydrogen atom, a halogen atom, C, 4 alkyl or C, 4
alkoxy,

X is a bond or a spacer having 1 to 6 atoms in the main chain,

ring A is a Cs_, cycloalkane optionally having substituent(s),
and

ring B is a piperazine optionally further having substituent(s)
besides R, or a salt thereof (see W02008/139941).

(7) A compound represented by the formula

CH,

wherein R' and R? are each a hydrocarbon group optionally
having substituent(s) or a heterocyclic group optionally hav-
ing substituent(s), or

R! and R* may form, together with the nitrogen atom bonded
thereto, a nitrogen-containing heterocycle optionally having
substituent (s),

R? is a substituent,

ring A is a homocycle optionally having substituent(s) or a
heterocycle optionally having substituent(s), or a salt thereof
(see WO2009/051112).
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(8) A compound represented by the formula
- O
XT
L3
G Il\I R3{\/\R3b

Rr2

wherein G is one group selected from the group consisting of
the following formulas (a) to (d)

(@)

RY
/\/
Rl l(\ \j
R LN
Rlc Rle
Rld
®)
O
R | P
RY \' N
Z
Rlc Rle
Rld
(©
O
R[] P
R \' Z
RY
Rlc Rle
Rld
@
Rla
N /\\
|
RY | =N
Rlc Rle
Rld

wherein R'“ is an optionally substituted C, 4 alkyl group, a
C,_¢ cycloalkoxy group substituted by C, _, alkoxy, an option-
ally substituted C,_, alkenyl group, an optionally substituted
C,_¢ alkenyloxy group, an optionally substituted C;_¢ alkynyl
group, an optionally substituted C;_ alkynyloxy group, an
optionally substituted C,_¢ alkylsulfinyl group, an optionally
substituted C, ¢ alkylsulfonyl group, an optionally substi-
tuted C, ¢ alkoxy group, an optionally substituted amino
group, an optionally substituted aminocarbonyl group, an
optionally substituted C, , alkoxycarbonyl group or an
optionally substituted C, _, alkylcarbonyl group;

R'? and R'® are the same or different and each independently
is a hydrogen atom, a cyano group, an optionally substituted
C, g alkyl group, an optionally substituted C, ¢ alkoxy group,
an optionally substituted C,_¢ alkenyl group, C, ¢ alkylsulfo-
nyl group, or a halogen atom;
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R'<and R'“ are the same or different and each independently
is a hydrogen atom, a halogen atom, a hydroxyl group, a
formyl group, a carboxy group, a cyano group, an optionally
substituted C, ¢ alkyl group, an optionally substituted C,_¢
alkenyl group, an optionally substituted C,_s alkynyl group,
an optionally substituted C;_,, cycloalkyl group, an option-
ally substituted C_g cycloalkenyl group, an optionally sub-
stituted C,_,, aryl group, an optionally substituted C,_,,
aralkyl group, an optionally substituted S-membered to
10-membered monocyclic or polycyclic heteroaryl group, an
optionally substituted 5-membered or 6-membered saturated
heterocyclic group, an optionally substituted C,_ alkylthio
group, an optionally substituted C, ¢ alkylsulfinyl group, an
optionally substituted C, _ alkylsulfonyl group, an optionally
substituted Cq_,,, arylthio group, an optionally substituted
Cs.10 arylsulfinyl group, an optionally substituted C,_,, aryl-
sulfonyl group, an optionally substituted C, ¢ alkoxy group,
an optionally substituted C;_, alkynyloxy group, an option-
ally substituted C,_,, cycloalkyloxy group, an optionally sub-
stituted Cg_,, aryloxy group, an optionally substituted C,_,,
aralkyloxy group, an optionally substituted S-membered to
10-membered monocyclic or polycyclic heteroaryloxy
group, an optionally substituted amino group, an optionally
substituted aminocarbonyl group, an optionally substituted
aminosulfonyl group, an optionally substituted C,_, alkoxy-
carbonyl group, an optionally substituted C;_, cycloalky-
loxycarbonyl group, an optionally substituted C,_, alkylcar-
bonyl group, an optionally substituted C,,,
cycloalkylcarbonyl group, an optionally substituted C, |,
arylcarbonyl group or an optionally substituted S-membered
to 10-membered monocyclic or polycyclic heteroarylcarbo-
nyl group;

RY'is a hydrogen atom, a halogen atom, a cyano group, an
optionally substituted C;_4 cycloalkyl group, an optionally
substituted C,_4 alkenyl group, an optionally substituted C, ¢
alkenyloxy group, an optionally substituted C; , alkynyl
group, an optionally substituted C;_ alkynyloxy group, an
optionally substituted C,_,, cycloalkyloxy group, an option-
ally substituted C, 4 alkoxy group or an optionally substituted
C, s alkyl group;

R? is an optionally substituted C,_, alkyl group, an optionally
substituted C,_4 alkenyl group, an optionally substituted C, ¢
alkynyl group, an optionally substituted C,_,, cycloalkyl
group, an optionally substituted C;_g cycloalkenyl group, an
optionally substituted Cg_,, aryl group, an optionally substi-
tuted C,_, , aralkyl group or an optionally substituted 5-mem-
bered to 10-membered monocyclic or polycyclic heteroaryl
group;

R3*, R3®, R3¢ and R3? are the same or different and each
independently is a halogen atom, a hydroxyl group, a formyl
group, a carboxy group, a cyano group or a group: -A-B
(wherein A is a single bond, —(CH,),0-, —(CH,) N(R*)—,

—(CH,),SO,—,  —(CH,),CO—,  —(CH,),CO0—,
—(CH,) NR)CO—, —(CH,),NR*SO,—, —(CH,),N
(RHCOO—, —(CH,),0CON(R*)—, —(CH,),0—CO—,
—(CH,),ONRYH—,  —(CH,) NRHCONR*)—  or
—(CH,),SO,NR*)—,

B is a hydrogen atom, an optionally substituted C, , alkyl
group, an optionally substituted C, , alkenyl group, an
optionally substituted C,_¢ alkynyl group, an optionally sub-
stituted C,_, ; cycloalkyl group, an optionally substituted C_¢
cycloalkenyl group, an optionally substituted Cg,, aryl
group, an optionally substituted C,_, aralkyl group, an
optionally substituted 5-membered to 10-membered mono-
cyclic or polycyclic heteroaryl group, an optionally substi-
tuted S-membered to 10-membered monocyclic or polycyclic
heteroaryl C,_, alkyl group or an optionally substituted
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12
S5-membered or 6-membered saturated heterocyclic group
(when A is —(CH,),NR*)—, —(CH,),OCON(R*)—,
—(CH,),CON(RH—,  —(CH,),NR»CONR*"H—  or
—(CH,),SO,N(R*—, R*and B may be bonded to each other
to form a ring)), or two of R**, R3* R3¢ and R*? are hydrogen
atoms, and the other two are bonded to each other to form a
bridged ring together with the hetero ring;
R* is a hydrogen atom, an optionally substituted C, 4 alkyl
group, an optionally substituted C, ¢ cycloalkyl group, an
optionally substituted Cg_, , aryl group, an optionally substi-
tuted C,_, , aralkyl group or an optionally substituted 5-mem-
bered to 10-membered monocyclic or polycyclic heteroaryl
group;
sis 0, 1 or 2 (when A is —(CH,) N(R*)—, s is 0 or 2, and
when A is —(CH,) CON(R*)—, s is 1 or 2); and
nis 0, 1 or 2, or a salt thereof (see WO 2008/136457).
(9) A compound represented by the formula

R¥ I
N
) X \j)n
Rla i _R3a
R )
|\\ Ir RSC\/\R3b
- R?
Rlc

wherein R'“ is a hydrogen atom, a halogen atom, a hydroxyl
group, a formyl group, a carboxy group, a cyano group, an
optionally substituted C, ¢ alkyl group, an optionally substi-
tuted C,_¢ alkenyl group, an optionally substituted C,_¢ alky-
nyl group, an optionally substituted C;_, cycloalkyl group, a
C,_salkylthio group,a C,_galkylsulfonyl group, a C, 4 alkoxy
group optionally substituted by a halogen atom, C, _, alkoxy
or C;_gcycloalkyl, an optionally substituted C;_¢ cycloalkoxy
group, an optionally substituted amino group, aminocarbonyl
group, C, , alkoxycarbonyl group, a C,, alkylcarbonyl
group, an optionally substituted C_,, aryl group, an option-
ally substituted C,_,, aryloxy group or an optionally substi-
tuted C,_, , aralkyloxy group;

R'?isaC,_, alkyl group substituted by mono-C,_, alkoxycar-
bonylamino, an optionally substituted C,  alkylsulfinyl
group, an optionally substituted C,_ alkylsulfonyl group, a
substituted C, ¢ alkoxy group, an optionally substituted
amino group, an optionally substituted aminocarbonyl group,
an optionally substituted C, , alkoxycarbonyl group or an
optionally substituted C, _, alkylcarbonyl group (wherein the
substituted C, , alkoxy group substituted by one group
selected from the group consisting of hydroxy, C,_, alkoxy,
C,_¢ cycloalkoxy, trifluoromethyl, trifluoromethoxy, difluo-
romethoxy, carboxy, mono-C, , alkylcarbonylamino and
mono-C,_ alkoxycarbonylamino),

R'¢ is a hydrogen atom, a halogen atom, a hydroxyl group, a
formyl group, a carboxy group, a cyano group, an optionally
substituted C,_ alkyl group, an optionally substituted C;_g
cycloalkyl group, an optionally substituted C;_g cycloalkenyl
group, an optionally substituted 5-membered or 6-membered
saturated heterocyclic group, an optionally substituted C,
alkylthio group, an optionally substituted C, ¢ alkylsulfinyl
group, an optionally substituted C, ¢ alkylsulfonyl group, an
optionally substituted C4_,, arylthio group, an optionally sub-
stituted Cg_,, arylsulfinyl group, an optionally substituted
Cq.1o arylsulfonyl group, an optionally substituted C, ¢
alkoxy group, an optionally substituted C;_¢ cycloalkyloxy
group, an optionally substituted C,_ ,, aryloxy group, an
optionally substituted C,_,, aralkyloxy group, an optionally
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substituted amino group, an optionally substituted aminocar-
bonyl group, an optionally substituted C,_, alkoxycarbonyl
group, an optionally substituted C;_4 cycloalkyloxycarbonyl
group, an optionally substituted C,_, alkylcarbonyl group, an
optionally substituted C, ; cycloalkylcarbonyl group, an
optionally substituted C_, ; arylcarbonyl group, an optionally
substituted C,_,, aralkyl group or an optionally substituted
5-membered to 10-membered monocyclic or polycyclic het-
eroarylcarbonyl group, or R* is a hydrogen atom; R*? and
R'¢in combination form a fused ring together with the hetero
ring, which contains at least one hetero atom;

R? is a hydrogen atom, an optionally substituted C,_4 alkyl
group, an optionally substituted C, , alkenyl group, an
optionally substituted C,_s alkynyl group, an optionally sub-
stituted C_, , cycloalkyl group, an optionally substituted Cs_g
cycloalkenyl group, an optionally substituted Cg,, aryl
group, an optionally substituted C,_,, aralkyl group or an
optionally substituted 5-membered to 10-membered mono-
cyclic or polycyclic heteroaryl group (when R'® is a C, 4
alkoxy group substituted by a halogen atom, R? is not a
hydrogen atom);

R3% R, R3¢ and R3? are the same or different and each
independently is a halogen atom, a cyano group or a group:
-A-B (wherein A is a single bond, —(CH,),O—, —(CH,) N
(R*)—, —(CH,),80,—, —(CH,),CO—, —(CI,),CO0—,

—(CH,)N(RH)CO—, —(CH,),N(R")SO,—, —(CH,),N
(RHCOO—, —(CH,),0CON(R*)—, —(CH,),0—CO—,
—(CH,),CON(R%—, —(CH,)NR*)CONR*—  or
—(CH,),SO,NR*)—,

B is a hydrogen atom, an optionally substituted C, , alkyl
group, an optionally substituted C, , alkenyl group, an
optionally substituted C,_¢ alkynyl group, an optionally sub-
stituted C,_, ; cycloalkyl group, an optionally substituted C_¢
cycloalkenyl group, an optionally substituted Cg,, aryl
group, an optionally substituted C,_, aralkyl group, an
optionally substituted 5-membered to 10-membered mono-
cyclic or polycyclic heteroaryl group, an optionally substi-
tuted S-membered to 10-membered monocyclic or polycyclic
heteroaryl C, _, alkyl group or an optionally substituted satu-
rated heterocyclic group (when A is —(CH,) N(R*)—,
—(CH,), 0CON(R*)—, —(CH,),CONRY)—, —(CH,)N
(RHCON(R*— or —(CH,),SO,N(R*)—, R* and B may be
bonded to each other to form a ring)), or two of R*“, R??, R3¢
and R3? are hydrogen atoms, and the other two are bonded to
each other to form a bridged ring together with the hetero
ring;

R* is a hydrogen atom, optionally substituted C,_, alkyl
group, an optionally substituted C,_,, cycloalkyl group, an
optionally substituted C,_,, aryl group, an optionally substi-
tuted C,_, , aralkyl group or an optionally substituted 5-mem-
bered to 10-membered monocyclic or polycyclic heteroaryl
group;

sis 0, 1 or 2 (when A is —(CH,).N(R*)—, s is 0 or 2, and
when A is —(CH,) CON(R*)—, s is 1 or 2); and

nis 0, 1 or 2, or a salt thereof (see WO2008/093737).

(10) A compound represented by the formula

H
N
RI R3
| r7 RE /
N N
7T R4
R6 o

wherein R1 is hydrogen, unsubstituted or substituted alkyl,
unsubstituted or substituted alkenyl, unsubstituted or substi-
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tuted alkynyl, unsubstituted or substituted aryl, unsubstituted
or substituted heterocyclyl or unsubstituted or substituted
cycloalkyl;

R2 is unsubstituted or substituted alkyl, unsubstituted or sub-
stituted alkenyl, unsubstituted or substituted alkynyl, unsub-
stituted or substituted aryl, unsubstituted or substituted het-
erocyclyl, unsubstituted or substituted cycloalkyl, or acyl;
R3 is hydrogen, unsubstituted or substituted aryl or unsubsti-
tuted or substituted alkyl;

R4 is unsubstituted or substituted alkyl, unsubstituted or sub-
stituted alkenyl, unsubstituted or substituted alkynyl, unsub-
stituted or substituted aryl, unsubstituted or substituted het-
erocyclyl, unsubstituted or substituted cycloalkyl, or acyl;
or R3 and R4 may form together a 3 to 7 membered nitrogen
containing saturated hydrocarbon ring which can be unsub-
stituted or substituted;

R6 is hydrogen, halo, unsubstituted alkyl or unsubstituted
alkoxy;

R7 and R8 are independently of each other hydrogen or halo;
and

T is methylene or carbonyl; or a salt thereof (see WO2007/
077005).

(11) A compound represented by the formula

wherein R1 is hydrogen, unsubstituted or substituted alkyl,
unsubstituted or substituted alkenyl, unsubstituted or substi-
tuted alkynyl, unsubstituted or substituted aryl, unsubstituted
or substituted heterocyclyl or unsubstituted or substituted
cycloalkyl;

R2 is unsubstituted or substituted alkyl, unsubstituted or sub-
stituted alkenyl, unsubstituted or substituted alkynyl, unsub-
stituted or substituted aryl, unsubstituted or substituted het-
erocyclyl, unsubstituted or substituted cycloalkyl, or acyl;
R3 is hydrogen, unsubstituted or substituted aryl or unsubsti-
tuted or substituted alkyl,

R4 is unsubstituted or substituted alkyl, unsubstituted or sub-
stituted alkenyl, unsubstituted or substituted alkynyl, unsub-
stituted or substituted aryl, unsubstituted or substituted het-
erocyclyl, unsubstituted or substituted cycloalkyl, or acyl;
or R3 and R4 may form together a 3 to 7 membered nitrogen
containing saturated hydrocarbon ring which can be unsub-
stituted or substituted; and

T is methylene or carbonyl; or a salt thereof (see WO2007/
006534).

(12) A compound represented by the formula

— NH

N
(=
A W—Y
/
U—V
/ \
—X R,
wherein

ring A is a 5- or 6-membered aromatic heterocycle optionally
having substituent(s);

U, V and W are each independently C or N, provided that
when any one of U, V and W is N, then the others should be
(O
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Ra and Rb are each independently a cyclic group optionally
having substituent(s), a C,_,, alkyl group optionally having
substituent(s), a C,_,, alkenyl group optionally having sub-
stituent(s), or a C,_,, alkynyl group optionally having sub-
stituent(s);

X is abond, or a spacer having 1 to 6 atoms in the main chain;
Y is a spacer having 1 to 6 atoms in the main chain;

Rc is a hydrocarbon group optionally containing hetero-
atom(s) as the constituting atom(s), which optionally has
substituent(s);

m and n are each independently 1 or 2; and
ring B optionally further has substituent(s),
or a salt thereof (see W0O2007/094513).

On the other hand, as heterocyclic compounds, the follow-
ing compounds have been reported.

(13) In WO2007/111227, for example, a compound having
the following formula is reported as a CCR4 inhibitor.

Me

Lol
Cr T
N, N o] (CH2)3
Y ~OH
N
F 7 F
HN\@\
Cl

2 HCL

(14) In WO2006/101780, for example, a compound having
the following formula is reported as a kinesin inhibitor.

(15) In WO2005/047251, for example, a compound having
the following formula is reported as a melanocortin receptor
agonist.
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Y

(16) In WO2005/019206, for example, a compound having
the following formula is reported as a kinesin inhibitor.

Me

O ND
N
TF Me
NS OH

(17) In WO2005/018547, for example, a compound having
the following formula is reported as a kinesin inhibitor.

N— Me

(18) In WO2004/037171, for example, a compound having
the following formula is reported as a kinesin inhibitor.

Me

I

N

Il\T— Me

I

N Ph

. CH,—OMe

F
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(19) In WO2003/079973, for example, a compound having
the following formula is reported as a kinesin inhibitor.

F
(ﬁ Me NH
N,
N
7 “N—C—N
F Ph
(CHy);—NIH,

(20) In WO2003/037274, for example, a compound having
the following formula is reported as a Na* channel inhibitor.

n-Pr Cl
U
Ph—CH,
O
—N

(21) In WO97/09308, for example, a compound having the
following formula is reported as a NPY receptor antagonist.

CH;
N

0
N
\
\ CH;
o)
|
CH;

Cl

(22) In WO2003/000677, for example, a compound having
the following formula is reported as an ORL-1 receptor
ligand.

o]
__zR NH

s i

N o]

However, these reports do not describe a renin inhibitory
activity.
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SUMMARY OF THE INVENTION

There is a demand on the development of a compound
having a superior renin inhibitory activity, which is useful as
a medicament (e.g., agent for the prophylaxis or treatment of
hypertension, various organ damages attributable to hyper-
tension, and the like) and a novel renin inhibitor.

The present inventors have conducted various studies, and
as aresult, first succeeded in the creation of novel compounds
represented by the following formulas (I) and (II), and a salt
thereof, and found that the compound and a salt thereof unex-
pectedly have a superior renin inhibitory activity, and are
useful as medicaments such as renin inhibitor and the like,
which resulted in the completion of the present invention.
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The present invention relates to
[1] a compound represented by the formula (I):

@

X
Rl
~ N @]
HN
RZ
wherein

R! is a hydrogen atom, an alkyl group optionally having
substituent(s), an alkenyl group optionally having substitu-
ent(s) or a cycloalkyl group optionally having substitu-
ent(s);

R? is a halogen atom, a hydroxy group, a cyano (nitrile)
group, an amino group optionally having substituent(s), a
mercapto group optionally having a substituent (the mercapto
group is optionally oxidized), an alkyl group optionally hav-
ing substituent(s) other than a substituted amino group, an
alkoxy group optionally having substituent(s), a 3- to
10-membered cyclic hydrocarbon group optionally having
substituent(s), a 3- to 10-membered heterocyclic group
optionally having substituent(s) or an acyl group (wherein
when the acyl group is —CONR'R", then R' and R" are both
hydrogen atoms or form, together with the nitrogen atom
bonded thereto, a nitrogen-containing heterocycle optionally
having substituent(s));

X is absent, or a hydrogen atom, an alkyl group optionally
substituted by group(s) other than a heterospiro ring option-
ally having substituent(s) or a cycloalkyl group optionally
having substituent(s); and

ring A is a heterocycle optionally having substituent(s),

which is other than
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-continued
[¢]
NNy

wherein ring C is a heterocycle optionally having substitu-
ent(s), ring D is a benzene ring optionally having substitu-
ent(s), R™ is a substituted alkyl group or a substituted alkoxy
group, R"" is a substituent, and X is as defined above),

or a salt thereof;

[2] a compound represented by the formula (I):

an

wherein

R! is a hydrogen atom, an alkyl group optionally having
substituent(s), an alkenyl group optionally having substitu-
ent(s) or a cycloalkyl group optionally having substituent(s);
R? is an alkyl group optionally substituted by group(s) other
than a heterospiro ring optionally having substituent(s), an
alkenyl group optionally having substituent(s), a cycloalkyl
group optionally having substituent(s), an alkylthio group
optionally having substituent(s), an alkylsulfinyl group
optionally having substituent(s), an alkylsulfonyl group
optionally having substituent(s), an alkoxy group optionally
having substituent(s), an aryl group optionally having sub-
stituent(s) or a heteroaryl group optionally having substitu-
ent(s);

X'isaC,_qalkylene group optionally substituted by group(s)
other than a heterospiro ring optionally having substituent (s);
ring A' is a fused heterocycle optionally having substitu-
ent(s);

ring B is a 5- to 7-membered nitrogen-containing heterocycle
optionally having substituent(s); and

nis0, 1 or2,

or a salt thereof;

[3] a compound represented by the formula (I):

3
(D

an

Rl
\N (6]
B n
HN
wherein
R! is a hydrogen atom, an alkyl group optionally having

substituent(s), an alkenyl group optionally having substitu-
ent(s) or a cycloalkyl group optionally having substituent(s);
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R? is an alkyl group optionally substituted by group(s) other
than a heterospiro ring optionally having substituent(s), an
alkenyl group optionally having substituent(s), a cycloalkyl
group optionally having substituent(s), an alkylthio group
optionally having substituent(s), an alkylsulfinyl group
optionally having substituent(s), an alkylsulfonyl group
optionally having substituent(s), an alkoxy group optionally
having substituent(s), an aryl group optionally having sub-
stituent(s) or a heteroaryl group optionally having substitu-
ent(s);

X'isaC,_qalkylene group optionally substituted by group(s)
other than a heterospiro ring optionally having substituent(s);
ring A' is a fused heterocycle optionally having substitu-
ent(s);

ring B is a 5- to 7-membered nitrogen-containing heterocycle
optionally having substituent(s); and

nis 0, 1 or 2, provided that ring A" is other than
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wherein ring C is a heterocycle optionally having substitu-
ent(s), ring D is a benzene ring optionally having substitu-
ent(s), R™ is a substituted alkyl group or a substituted alkoxy
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group, R"" is a substituent, and other symbols are as defined
above,

or a salt thereof;

[4] a compound represented by the formula (I):

3
(D

an

wherein

R! is a hydrogen atom, an alkyl group optionally having
substituent(s), an alkenyl group optionally having substitu-
ent(s) or a cycloalkyl group optionally having substituent(s);
R? is an alkyl group optionally substituted by group(s) other
than a heterospiro ring optionally having substituent(s), an
alkenyl group optionally having substituent(s), a cycloalkyl
group optionally having substituent(s), an alkylthio group
optionally having substituent(s), an alkylsulfinyl group
optionally having substituent(s), an alkylsulfonyl group
optionally having substituent(s), an alkoxy group optionally
having substituent(s), an aryl group optionally having sub-
stituent(s) or a heteroaryl group optionally having substitu-
ent(s);

X' isaC,_,alkylene group optionally substituted by group(s)
other than a heterospiro ring optionally having substituent(s);
ring A' is a fused heterocycle optionally having substitu-
ent(s);

ring B is a 5- to 7-membered nitrogen-containing heterocycle
optionally substituted by substituent(s) selected from a halo-
gen atom, a hydroxy group, a cyano (nitrile) group, an amino
group optionally having substituent(s), a mercapto group
optionally having a substituent (the mercapto group is option-
ally oxidized), an alkyl group optionally having substituent(s)
other than a substituted amino group, an alkoxy group option-
ally having substituent(s), a 3- to 10-membered cyclic hydro-
carbon group optionally having substituent(s), a 3- to
10-membered heterocyclic group optionally having substitu-
ent(s), and an acyl group (wherein when the acyl group is
—CONR'R", then R' and R" are both hydrogen atoms or
form, together with the nitrogen atom bonded thereto, a nitro-
gen-containing heterocycle optionally having substituent(s));
and

nis0, 1 or2,

or a salt thereof;

[5] a compound represented by the formula (I):

3
O

an

wherein

R! is a hydrogen atom, an alkyl group optionally having
substituent(s), an alkenyl group optionally having substitu-
ent(s) or a cycloalkyl group optionally having substitu-
ent (s);
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R? is an alkyl group optionally substituted by group(s) other
than a heterospiro ring optionally having substituent(s), an
alkenyl group optionally having substituent(s), a cycloalkyl
group optionally having substituent(s), an alkylthio group
optionally having substituent(s), an alkylsulfinyl group
optionally having substituent(s), an alkylsulfonyl group
optionally having substituent(s), an alkoxy group optionally
having substituent(s), an aryl group optionally having sub-
stituent(s) or a heteroaryl group optionally having substitu-
ent(s);

X'isaC,_qalkylene group optionally substituted by group(s)
other than a heterospiro ring optionally having substituent(s);
ring A' is a fused heterocycle optionally having substitu-
ent(s);

ring B is a 5- to 7-membered nitrogen-containing heterocycle
optionally substituted by substituent(s) selected from a halo-
gen atom, a hydroxy group, a cyano (nitrile) group, an amino
group optionally having substituent(s), a mercapto group
optionally having a substituent (the mercapto group is option-
ally oxidized), an alkyl group optionally having substituent(s)
other than a substituted amino group, an alkoxy group option-
ally having substituent(s), a 3- to 10-membered cyclic hydro-
carbon group optionally having substituent(s), a 3- to
10-membered heterocyclic group optionally having substitu-
ent(s), and an acyl group (wherein when the acyl group is
—CONR'R", then R' and R" are both hydrogen atoms or
form, together with the nitrogen atom bonded thereto, a nitro-
gen-containing heterocycle optionally having substituent(s));
and

nis 0, 1 or 2, provided ring A" is other than

D
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-continued

and

wherein ring C is a heterocycle optionally having substitu-
ent(s), ring D is a benzene ring optionally having substitu-
ent(s), R™ is a substituted alkyl group or a substituted alkoxy
group, R"" is a substituent, and other symbols are as defined
above,

or a salt thereof;

[6] the compound of any of the above-mentioned [1] to [5],
wherein ring A and ring A' are each a ring represented by the
formula

b a a c
Ra>//_\\\(R R /// \\\ Rb R\/ /\ R
YZ
>—<— N >—<
N/ Y. N
Y\(N\ Yy LN
Re b
Z/Q\Z
Y\ N\
wherein

R“and R” are each independently a hydrogen atom, a halogen
atom, an alkyl group optionally having substituent(s), an
alkoxy group optionally having substituent(s) or an acyl
group;

R€ is a hydrogen atom, a halogen atom, —O, —S, an alkyl
group optionally having substituent(s), an alkoxy group
optionally having substituent(s) or an acyl group;

Y*! and Y? are each independently CH or N; and

Zis CH,, NH, O or S;

[7] the compound of any of the above-mentioned [1] to [5],
wherein ring A and ring A' are each a ring represented by the
formula
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a R Ra b R ¢
R>//—\\\(2 R>//—\\§R R\/_\/R
{ Y
— N —_—
N/ Y. N ”
Y\(N\ 7 \r ~
Re Rb
z/\\z
Y\ N\
wherein

R“ and R” are each a hydrogen atom;

R€ is a hydrogen atom, a halogen atom, —O, —S, an alkyl
group optionally having substituent(s), an alkoxy group
optionally having substituent(s) or an acyl group;

Y*! and Y? are each independently CH or N; and

Zis CH,, NH, O or S;

[8] the compound of any of the above-mentioned [1] to [5],
wherein ring A or ring A’ is a ring represented by the formula

b
Rll R
KX
y?2

Y\(N\

wherein Y!, Y2 R® and R? are as defined in the above-men-
tioned [7];

[9] the compound of any of the above-mentioned [1] to [5],
wherein ring A or ring A" is aring represented by the formula

>

D

[10] the compound of any of the above-mentioned [2] to [5],
wherein ring B is a ring represented by the formula

— R4

N

wherein

R* is a hydrogen atom, a halogen atom, a hydroxy group, a
cyano (nitrile) group, an amino group optionally having sub-
stituent(s), a mercapto group optionally having a substituent
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(the mercapto group is optionally oxidized), an alkyl group
optionally having substituent(s) other than a substituted
amino group, an alkoxy group optionally having substitu-
ent(s), a 3-to 10-membered cyclic hydrocarbon group option-
ally having substituent(s), a 3- to 10-membered heterocyclic
group optionally having substituent(s) or an acyl group
(wherein when the acyl group is —CONR'R", then R' and R"
are both hydrogen atoms or form, together with the nitrogen
atom bonded thereto, a nitrogen-containing heterocycle
optionally having substituent(s));

[11] the compound of any of the above-mentioned [2] to [5],
wherein ring B is a ring represented by the formula

—R¢

AN

wherein R* is

(1) a hydrogen atom,

(2) a cyano (nitrile) group,

(3) a C, _4 alkyl group optionally having 1 to 3 substituents
selected from

(a) a hydroxy group,

(b) a C,_¢ alkoxy group,

(c) a C,_4 alkyl-carbonyloxy group,

(d) an aromatic heterocyclic group optionally having 1 to 3
halogen atoms,

(e) a C;_,, cycloalkyl group, and

(f) a cyclic amino group optionally having an oxo group,
(4) a3-to 10-membered heterocyclic group optionally having
1 to 3 substituents selected from a C, ¢ alkyl group and an oxo
group,

(5) a carboxy group,

(6) a C,_¢ alkoxy-carbonyl group optionally having 1 to 3
substituents selected from a nonaromatic heterocyclic group
optionally having 1 to 3 substituents selected from a C, ¢
alkyl group and an oxo group or

(7) a group represented by the formula: —CO—NR'R"
wherein R' and R" are each a hydrogen atom, or R' and R"
form, together with the nitrogen atom bonded thereto, a nitro-
gen-containing heterocycle optionally having 1 to 3 substitu-
ents selected from halogen atom(s);

[12] the compound of any of the above-mentioned [2] to [5],
wherein ring B is a ring represented by

wherein R* is

(1) a cyano (nitrile) group,

(2) a C, _4 alkyl group optionally having 1 to 3 substituents
selected from

(a) a hydroxy group,

(b) a C,_, alkoxy group,

(c) a C,_g alkyl-carbonyloxy group,

(d) an aromatic heterocyclic group optionally having 1 to 3
halogen atoms,

(e) a C;_,, cycloalkyl group, and
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() a cyclic amino group optionally having an oxo group,
(3) a3-to 10-membered heterocyclic group optionally having
1to 3 substituents selected from a C, ¢ alkyl group and an oxo
group,

(4) a carboxy group,

(5) a C,_¢ alkoxy-carbonyl group optionally having 1 to 3
substituents selected from a nonaromatic heterocyclic group
optionally having 1 to 3 substituents selected from a C, ¢
alkyl group and an oxo group or

(6) a group represented by the formula: —CO—NR'R"
wherein R' and R" are each a hydrogen atom, or

R' and R" form, together with the nitrogen atom bonded
thereto, a nitrogen-containing heterocycle optionally having
1 to 3 substituents selected from halogen atom(s);

[13] the compound of any of the above-mentioned [2] to [5],
wherein ring B is a ring represented by

R4

wherein R* is —CO—NR'R" wherein R' and R" are each a
hydrogen atom, or R' and R" form, together with the nitrogen
atom bonded thereto, a nitrogen-containing heterocycle
optionally having 1 to 3 substituents selected from halogen
atom(s);
[14] the compound of any of the above-mentioned [1] to [5],
wherein R' is a C,_ alkyl group optionally having substitu-
ent(s);
[15] the compound of the above-mentioned [1], wherein R? is
an acyl group (wherein when the acyl group is —CONR'R",
thenR'and R" are both hydrogen atoms or form, together with
the nitrogen atom bonded thereto, a nitrogen-containing het-
erocycle optionally having substituent(s));
[16] the compound of the above-mentioned [1], wherein X is
a C,_ alkyl group optionally substituted by a C,_¢ alkoxy
group;
[17] the compound of any of the above-mentioned [2] to [5],
wherein X" is a C, 4 alkylene group optionally substituted by
group(s) other than a heterospiro ring optionally having sub-
stituent(s) and an oxo group;
[18] the compound of any of the above-mentioned [2] to [5],
wherein X' is a C,_ alkylene group;
[19] the compound of any of the above-mentioned [2] to [5],
wherein R? is a C, _ alkoxy group optionally having substitu-
ent (s);
[20] the compound of the above-mentioned [1], whereinR* is
a C, ¢ alkyl group optionally having substituent(s), R* is an
acyl group (wherein when the acyl group is —CONR'R", then
R'and R" are both hydrogen atoms or form, together with the
nitrogen atom bonded thereto, a nitrogen-containing hetero-
cycle optionally having substituent(s)),

ring A is a ring represented by the formula

b
Rll R
KX
y?2

Y\(N\

wherein Y!, Y2, R* and R? are as defined in the above-men-
tioned [7], and
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X is a C, 4 alkyl group optionally substituted by a C, ¢
alkoxy group;
[21] the compound of any of the above-mentioned [2] to [5],
wherein R is a C,_g alkyl group optionally having substitu-
ent (s),
R? is a C,_4 alkoxy group optionally having substituent(s),
ring A' is a ring represented by the formula

b

Rll R
X X
YZ

Y\(N\

wherein Y!, Y2 R® and R? are as defined in the above-men-
tioned [7],
X' isa C, 4 alkylene group, and

ring B is a ring represented by the formula

R4

wherein R* is —CO-—NR'R" wherein R' and R" are each a
hydrogen atom, or R' and R" form, together with the nitrogen
atom bonded thereto, a nitrogen-containing heterocycle
optionally having 1 to 3 substituents selected from halogen
atom(s);

[22] N-[(3S,5R)-5-carbamoylpiperidin-3-yl]-1-(4-methoxy-
butyl)-N-(2-methylpropyl)-1H-benzimidazole-2-carboxam-
ide or a salt thereof;,

[23] N-{(38,5R)-5-[1-hydroxyethyl|piperidin-5-y1}-1-(4-
methoxybutyl)-N-(2-methylpropyl)-1H-benzimidazole-2-
carboxamide or a salt thereof;,

[24] 1-(4-methoxybutyl)-N-(2-methylpropyl)-N-[(3S,5R)-5-
(morpholin-4-ylcarbonyl)piperidin-3-yl]-1H-benzimida-
zole-2-carboxamide or a salt thereof;

[25] 1-(4-hydroxybutyl)-N-(2-methylpropyl)-N-[(3S,5R)-5-
(morpholin-4-ylcarbonyl)piperidin-3-yl]-1H-benzimida-
zole-2-carboxamide or a salt thereof;

[26] 1-(2-fluorophenyl)-5-(4-methoxybutyl)-1N-(2-methyl-
propyl)-N-[(3S,5R)-5-(morpholin-4-ylcarbonyl)piperidin-3-
y1]-1H-1,2,3-triazole-4-carboxamide or a salt thereof;

[27] 1-(4-methoxybutyl)-N-[(3S,5R)-5-(morpholin-4-ylcar-
bonyl)piperidin-3-yl]-N-propyl-1H-benzimidazole-2-car-
boxamide or a salt thereof;

[28] a prodrug of the compound of any of the above-men-
tioned [1] to [5];

[29] a medicament comprising the compound of any of the
above-mentioned [1] to [5], or a prodrug thereof as an active
ingredient;

[30] the medicament of the above-mentioned [29], which is a
renin inhibitor;

[31] the medicament of the above-mentioned [29], which is a
prophylactic or therapeutic agent of a circulatory disease;
[32] the medicament of the above-mentioned [29], which is a
prophylactic or therapeutic agent of hypertension and/or vari-
ous organ damages attributable to hypertension;
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[33] a method for the prophylaxis or treatment of a circulatory
disease in a mammal comprising administering the com-
pound of any of the above-mentioned [1] to [5] or a prodrug
thereof to the mammal,
[34] a method for the prophylaxis or treatment of hyperten-
sion and/or various organ damages attributable to hyperten-
sion in a mammal comprising administering the compound of
any of the above-mentioned [1] to [5] or a prodrug thereof to
the mammal,
[35] use of the compound of any of the above-mentioned [1]
to [5] or a prodrug thereof for the production of a prophylactic
is or therapeutic agent for a circulatory disease;
[36] use of the compound of any of the above-mentioned [1]
to [5] or a prodrug thereof for the production of a prophylactic
or therapeutic agent for hypertension and/or various organ
damages attributable to hypertension, and the like.
Compound (I) has a superior renin inhibitory activity, and
thus it is useful as an agent for the prophylaxis or treatment of
hypertension, various organ damages attributable to hyper-
tension, and the like.

DETAILED DESCRIPTION OF THE INVENTION

Examples of the “halogen atom” in the present specifica-
tion include fluorine, chlorine, bromine and iodine.

Examples of the “C, _, alkylenedioxy group” in the present
specification include methylenedioxy, ethylenedioxy, trim-
ethylenedioxy and the like.

Examples of the “alkyl group” in the present specification
include methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-
butyl, tert-butyl, pentyl, isopentyl, neopentyl, 1-ethylpropyl,
hexyl, isohexyl, 1,1-dimethylbutyl, 2,2-dimethylbutyl, 3,3-
dimethylbutyl, 2-ethylbutyl and the like. Among these,a C, ¢
alkyl group is preferable.

Examples of the “alkenyl group” in the present specifica-
tion include ethenyl, 1-propenyl, 2-propenyl, 2-methyl-1-
propenyl, 1-butenyl, 2-butenyl, 3-butenyl, 3-methyl-2-bute-
nyl, 1-pentenyl, 2-pentenyl, 3-pentenyl, 4-pentenyl,
4-methyl-3-pentenyl, 1-hexenyl, 3-hexenyl, 5-hexenyl and
the like. Among these, a C,_¢ alkenyl group is preferable.

Examples of the “alkynyl group” in the present specifica-
tion include ethynyl, 1-propynyl, 2-propynyl, 1-butynyl,
2-butynyl, 3-butynyl, 1-pentynyl, 2-pentynyl, 3-pentynyl,
4-pentynyl, 1-hexynyl, 2-hexynyl, 3-hexynyl, 4-hexynyl,
5-hexynyl, 1-heptynyl, 1-octynyl and the like. Among these,
a C,_¢ alkynyl group is preferable.

Examples of the “cycloalkyl group” in the present specifi-
cation include cyclopropyl, cyclobutyl, cyclopentyl, cyclo-
hexyl, cycloheptyl, cyclooctyl, bicyclo[2.2.1]heptyl, bicyclo
[2.2.2]octyl,  bicyclo[3.2.1]octyl,  bicyclo[3.2.2]nonyl,
bicyclo[3.3.1]nonyl, bicyclo[4.2.1]nonyl, bicyclo[4.3.1]de-
cyl, adamantyl and the like. Among these, a C;_,, cycloalkyl
group is preferable.

Examples of the “alkylthio group” in the present specifi-
cation include methylthio, ethylthio, propylthio, isopropy-
Ithio, butylthio, isobutylthio, sec-butylthio, tert-butylthio,
pentylthio, isopentylthio, neopentylthio, 1-ethylpropylthio,
hexylthio, isohexylthio, 1,1-dimethylbutylthio, 2,2-dimeth-
ylbutylthio, 3,3-dimethylbutylthio, 2-ethylbutylthio and the
like. Among these, a C,_ alkylthio group is preferable.

Examples of the “alkylsulfinyl group” in the present speci-
fication include methylsulfinyl, ethylsulfinyl, propylsulfinyl,
isopropylsulfinyl, butylsulfinyl, isobutylsulfinyl, sec-butyl-
sulfinyl, tert-butylsulfinyl, pentylsulfinyl, isopentylsulfinyl,
neopentylsulfinyl, 1-ethylpropylsulfinyl, hexylsulfinyl, iso-
hexylsulfinyl, 1,1-dimethylbutylsulfinyl, 2,2-dimethylbutyl-
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sulfinyl, 3,3-dimethylbutylsulfinyl, 2-ethylbutylsulfinyl and
thelike. Amongthese, aC,_ alkylsulfinyl group is preferable.

Examples ofthe “alkylsulfonyl group” in the present speci-
fication include methylsulfonyl, ethylsulfonyl, propylsulfo-
nyl, isopropylsulfonyl, butylsulfonyl, isobutylsulfonyl, sec-
butylsulfonyl, tert-butylsulfonyl, pentylsulfonyl,
isopentylsulfonyl, neopentylsulfonyl, 1-ethylpropylsulfonyl,
hexylsulfonyl, isohexylsulfonyl, 1,1-dimethylbutylsulfonyl,
2,2-dimethylbutylsulfonyl, 3,3-dimethylbutylsulfonyl,
2-ethylbutylsulfonyl and the like. Among these, a C,_, alkyl-
sulfonyl group is preferable.

Examples of the “alkoxy group” in the present specifica-
tion include methoxy, ethoxy, propoxy, isopropoxy, butoxy,
isobutoxy, sec-butoxy, tert-butoxy, pentyloxy, isopentyloxy,
neopentyloxy, 1-ethylpropyloxy, hexyloxy, isohexyloxy, 1,1-
dimethylbutyloxy, 2,2-dimethylbutyloxy, 3,3-dimethylbuty-
loxy, 2-ethylbutyloxy and the like. Among these, a C, ¢
alkoxy group is preferable.

Examples of the “C, , alkoxy-carbonyl group” in the
present specification include methoxycarbonyl, ethoxycarbo-
nyl, propoxycarbonyl, tert-butoxycarbonyl and the like.

Examples of the “C,_4 alkyl-carbonyl group” in the present
specification include acetyl, propanoyl, butanoyl, isobu-
tanoyl, pentanoyl, isopentanoyl, hexanoyl and the like.

The “optionally halogenated” in the present specification
means being optionally substituted by 1 to 5, preferably 1 to
3, halogen atoms.

Examples ofthe “C, ; alkylene group” in the present speci-
fication include methylene, ethylene, trimethylen, tetrameth-
ylene, pentamethylene, hexamethylene, —CH(CH,)—,
—C(CH;),—,—CH(CH,CH;)—,—C(CH,CH,),—,—CH
(CH;>—CH,—, —CH,—CH(CH;)—, —C(CH,),—
CH,—, —CH,—C(CH,;),—, —CH(CH;—(CH,),—,
—CH,—CH(CH;)—CH,—, —(CH,),—CH(CH,)—,
—C(CH,),—(CH,),—, —CH,—C(CH,),—CHy—,
—(CH,),—C(CH;),— and the like.

Examples of the “hydrocarbon group” of the “hydrocarbon
group optionally having substituent(s)” in the present speci-
fication include alkyl group, alkenyl group, alkynyl group,
alkylidene group, cycloalkyl group, cycloalkenyl group,
cycloalkadienyl group, aryl group, aralkyl group, arylalkenyl
group, cycloalkylalkyl group and the like. Preferably, C, |,
alkyl group, C,_,, alkenyl group, C,_,, alkynyl group, C, 5
alkylidene group, C;_,, cycloalkyl group, C;_,, cycloalkenyl
group, C,_,, cycloalkadienyl group, Cy_,, aryl group, C,_ ¢
aralkyl group, Cy_, 5 arylalkenyl group, C;_,, cycloalkyl-C, ¢
alkyl group and the like. The above-mentioned C, |,
cycloalkyl group, C,_ ,, cycloalkenyl group and C, |,
cycloalkadienyl group may be each condensed with a ben-
zene ring.

Examples of the “C, _,, alkyl group” in the present speci-
fication include methyl, ethyl, propyl, isopropyl, butyl, isobu-
tyl, sec-butyl, tert-butyl, pentyl, isopentyl, neopentyl, 1-eth-
ylpropyl, hexyl, isohexyl, 1,1-dimethylbutyl, 2,2-
dimethylbutyl, 3,3-dimethylbutyl, 2-ethylbutyl, heptyl, octyl,
nonyl, decyl and the like. Among these, a C,  alkyl group is
preferable.

Examples of the “C,_, , alkenyl group” in the present speci-
fication include ethenyl, 1-propenyl, 2-propenyl, 2-methyl-1-
propenyl, 1-butenyl, 2-butenyl, 3-butenyl, 3-methyl-2-bute-
nyl, 1-pentenyl, 2-pentenyl, 3-pentenyl, 4-pentenyl,
4-methyl-3-pentenyl, 1-hexenyl, 3-hexenyl, S5-hexenyl,
1-heptenyl, 1-octenyl and the like. Among these, a C,_, alk-
enyl group is preferable.

Examples ofthe “C,_,, alkynyl group” in the present speci-
fication include ethynyl, 1-propynyl, 2-propynyl, 1-butynyl,
2-butynyl, 3-butynyl, 1-pentynyl, 2-pentynyl, 3-pentynyl,
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4-pentynyl, 1-hexynyl, 2-hexynyl, 3-hexynyl, 4-hexynyl,
5-hexynyl, 1-heptynyl, 1-octynyl and the like. Among these,
a C,_, alkynyl group is preferable.

Examples of the “C,_; alkylidene group” in the present
specification include methylidene, ethylidene, propylidene,
isopropylidene and the like.

Examples of the “C;_,, cycloalkyl group” in the present
specification include cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cycloheptyl, cyclooctyl, bicyclo[2.2.1]heptyl,
bicyclo[2.2.2]octyl,  bicyclo[3.2.1]octyl, bicyclo[3.2.2]
nonyl, bicyclo[3.3.1]nonyl, bicyclo[4.2.1]nonyl, bicyclo
[4.3.1]decyl, adamantyl and the like. Among these, a C; ¢
cycloalkyl group is preferable. The above-mentioned C;_j,
cycloalkyl may be condensed with a benzene ring, and
examples of'the fused group include indanyl, tetrahydronaph-
thyl, fluorenyl and the like.

Examples of the “C,_, , cycloalkenyl group” in the present
specification include 2-cyclopenten-1-yl, 3-cyclopenten-1-
yl, 2-cyclohexen-1-yl, 3-cyclohexen-1-yl and the like. The
above-mentioned C;_,, cycloalkenyl may be condensed with
a benzene ring, and examples of the fused group include
indenyl and the like.

Examples of the “C,_, cycloalkadienyl group” in the
present specification include 2,4-cyclopentadien-1-yl, 2.4-
cyclohexadien-1-yl, 2,5-cyclohexadien-1-yl and the like. The
above-mentioned C,_,, cycloalkadienyl may be condensed
with a benzene ring.

Examples of the “Cg_,, aryl group” in the present specifi-
cation include phenyl, 1-naphthyl, 2-naphthyl, biphenylyl,
2-anthryl and the like. Among these, a Cg_,, aryl group is
preferable, and phenyl is more preferable. The above-men-
tioned C_,, aryl may be condensed with C,_,, cycloalkane
(examples ofthe C;_, , cycloalkane include a ring correspond-
ing to the above-mentioned C;_,, cycloalkyl group), and
examples of the fused group include tetrahydronaphthyl,
indanyl and the like.

Examples of the “C,_, ; aralkyl group” in the present speci-
fication include benzyl, phenethyl, naphthylmethyl, bipheny-
lylmethyl and the like.

Examples of the “Cg_, 5 arylalkenyl group” in the present
specification include styryl and the like.

Examples of the “C,_, ; cycloalkyl-C, . alkyl group” in the
present specification include cyclopropylmethyl, cyclohexy-
Imethyl and the like.

The “hydrocarbon group” of the “hydrocarbon group
optionally having substituent(s)” optionally has substitu-
ent(s) (e.g., 1 to 5, preferably 1 to 3 substituents) at substitut-
able position(s). When the number of the substituents is two
or more, respective substituents may be the same or different.

Examples of the “substituent” of the “hydrocarbon group
optionally having substituent(s)” include the following sub-
stituents (hereinafter to be referred to as substituent group A).
(1) a halogen atom;

(2) a nitro group;

(3) a cyano (nitrile) group;

(4) a hydroxy group;

(5) an alkoxy group optionally having substituent(s);
(6) an amino group optionally having substituent(s);
(7) =0 (oxo0 group);

(8) =S (thioxo group);

(9) a mercapto group optionally having a substituent (the
mercapto group is optionally oxidized);

(10) a C,_, alkylenedioxy group;

(11) an alkyl group optionally having substituent(s);
(12) a C,_, 4 aralkyl group;

(13) an acyl group;

13

10

15

20

25

30

35

40

45

50

55

60

65

32

(14) a 3- to 10-membered cyclic hydrocarbon group option-
ally having substituent(s);

(15) a 3- to 10-membered heterocyclic group optionally hav-
ing substituent(s) and the like.

Examples of the “3- to 10-membered cyclic hydrocarbon
group” of the “3- to 10-membered cyclic hydrocarbon group
optionally having substituent(s)” for substituent group A
include C, ,, cycloalkyl group, C, ,, cycloalkenyl group,
C,_1o cycloalkadienyl group, Cg_,, aryl group and the like.
Examples of the C;_,, cycloalkyl group, C;_,, cycloalkenyl
group, C, |, cycloalkadienyl group and Cg_,, aryl group
include those similar to the C,_,, cycloalkyl group, C;_j,
cycloalkenyl group, C, , cycloalkadienyl group and C, |,
aryl group exemplified as the “hydrocarbon group” of the
“hydrocarbon group optionally having substituent (s)”.

Examples of the “3- to 10-membered heterocyclic group”
of the “3- to 10-membered heterocyclic group optionally
having substituent(s)” for substituent group A include a 3- to
10-membered ring from the “heterocyclic group™ of the “het-
erocyclic group optionally having substituent(s)” to be men-
tioned later.

Examples of the “substituent” of the “C, , alkyl group
optionally having substituent(s)” and “C,_, alkoxy group
optionally having substituent(s)”, “3- to 10-membered cyclic
hydrocarbon group optionally having substituent(s)”” and “3-
to 10-membered heterocyclic group optionally having sub-
stituent(s)” for substituent group A include 1 to 5, preferably
1 to 3 selected from the following substituents (hereinafter to
be referred to as substituent group B). When the number of the
substituents is two or more, the respective substituents may be
the same or different.

(1) a halogen atom;

(2) a nitro group;

(3) a cyano (nitrile) group;

(4) a hydroxy group;

(5) a C,_4 alkoxy group optionally having 1 to 3 halogen
atoms;

(6) an amino group;

(7) amono- or di-C, ¢ alkylamino group;

(8) a C,_, ¢ aralkylamino group;

(9) a C,_; alkoxy-carbonylamino group;

(10) a C,_; alkyl-carbonylamino group;

(11) a C,_g alkyl-carbonyloxy group;

(12) a C,_g alkyl-carbonyl group;

(13) a carboxy group;

(14) a C,_4 alkoxy-carbonyl group;

(15) a carbamoyl group;

(16) a mono- or di-C,_; alkylcarbamoyl group;
(17) =0 (oxo0 group);

(18) =S (thioxo group);

(19) a mercapto group;

(20) a C,_¢ alkylthio group;

(21) a C_g alkylsulfinyl group;

(22) a C,_¢ alkylsulfonyl group;

(23) a C,_, alkylenedioxy group;

(24) a C, ¢ alkyl group optionally having 1 to 3 substituents
selected from

(a) a halogen atom,

(b) a hydroxy group,

(c) a C,_¢ alkoxy group,

(d) a Cq.,, aryl group,

(e) an amino group,

(f) a mono- or di-C,_ alkylamino group,

(g) a C,_, ¢ aralkylamino group, and

(h) a C,_¢ alkoxy-carbonylamino group;

(25) an aryl group optionally having 1 to 3 halogen atoms;
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(26) an aromatic heterocyclic group (e.g., pyridyl, pyrazolyl,
triazolyl) optionally having 1 to 3 halogen atoms;

(27) anonaromatic heterocyclic group (e.g., dioxolyl) option-
ally having 1 to 3 substituents selected from a C,_; alkyl group
and an oxo group;

(28) a C,_, 4 aralkyl group;

(29) a C,_,, cycloalkyl group;

(30) a cyclic amino group (e.g., pyrrolidinyl, piperidino, mor-
pholino, thiomorpholino, piperazinyl, imidazolidin-1-yl,
pyrazolidin-1-yl etc.) optionally having an oxo group and the
like.

Examples of the “substituent™ of the “amino group option-
ally having substituent(s)” for substituent group A include 1
or 2 selected from substituent group B. When the number of
the substituents is two, the respective substituents may be the
same or different.

Examples of the “substituent” of the “mercapto group
optionally having a substituent” for substituent group A
include substituent group B. The mercapto group may be
oxidized by 1 or 2 oxygens.

Examples of the “heterocyclic group” of the “heterocyclic
group optionally having substituent(s)” in the present speci-
fication include an aromatic heterocyclic group and a nonaro-
matic heterocyclic group.

Examples of the “aromatic heterocyclic group” include a
4- to 10-membered (preferably 5- or 6-membered) monocy-
clic aromatic heterocyclic group containing, as a ring-consti-
tuting atom besides carbon atoms, 1 to 4 heteroatoms selected
from an oxygen atom, a sulfur atom and a nitrogen atom, and
a fused aromatic heterocyclic group. Examples of the fused
aromatic heterocyclic group include a group derived from a
fused ring wherein a ring corresponding to such 4- to
10-membered monocyclic aromatic heterocyclic group, and 1
or 2 rings selected from a 5- or 6-membered aromatic hetero-
cycle containing 1 or 2 nitrogen atoms, a S-membered aro-
matic heterocycle containing one sulfur atom and a benzene
ring are condensed, and the like.

Examples of the “aromatic heterocyclic group” include 4-
to 7-membered (preferably 5- or 6-membered) monocyclic
aromatic heterocyclic groups such as furyl (e.g., 2-furyl, 3-fu-
ryl), thienyl (e.g., 2-thienyl, 3-thienyl), pyridyl (e.g., 2-py-
ridyl, 3-pyridyl, 4-pyridyl), pyrimidinyl (e.g., 2-pyrimidinyl,
4-pyrimidinyl, 5-pyrimidinyl), pyridazinyl (e.g., 3-pyridazi-
nyl, 4-pyridazinyl), pyrazinyl (e.g., 2-pyrazinyl), pyrrolyl
(e.g., 1-pyrrolyl, 2-pyrrolyl, 3-pyrrolyl), imidazolyl (e.g.,
1-imidazolyl, 2-imidazolyl, 4-imidazolyl, S5-imidazolyl),
pyrazolyl (e.g., 1-pyrazolyl, 3-pyrazolyl, 4-pyrazolyl), thiaz-
olyl (e.g., 2-thiazolyl, 4-thiazolyl, 5-thiazolyl), isothiazolyl
(e.g., 3-isothiazolyl, 4-isothiazolyl, S-isothiazolyl), oxazolyl
(e.g., 2-oxazolyl, 4-oxazolyl, 5-oxazolyl), isoxazolyl (e.g.,
3-isoxazolyl, 4-isoxazolyl, 5-isoxazolyl), oxadiazolyl (e.g.,
1,2,4-oxadiazol-5-yl, 1,3,4-oxadiazol-2-yl), thiadiazolyl
(e.g., 1,2,4-thiadiazol-5-yl, 1,3,4-thiadiazol-2-yl), triazolyl
(e.g., 1,2,4-triazol-1-yl, 1,2,4-triazol-3-yl, 1,2,3-triazol-1-yl,
1,2,3-triazol-2-yl, 1,2,3-triazol-4-yl), tetrazolyl (e.g., tetra-
zol-1-yl, tetrazol-5-yl), triazinyl (e.g., 1,3,5-triazin-2-yl, 1,3,
S-triazin-4-yl, 1,2,3-triazin-4-yl, 1,2.4-triazin-3-yl) and the
like;
fused aromatic heterocyclic groups such as quinolyl (e.g.,
2-quinolyl, 3-quinolyl, 4-quinolyl, 6-quinolyl), isoquinolyl
(e.g., 3-isoquinolyl), quinazolyl (e.g., 2-quinazolyl,
4-quinazolyl), quinoxalyl (e.g., 2-quinoxalyl, 6-quinoxalyl),
benzofuranyl (e.g., 2-benzofuranyl, 3-benzofuranyl), ben-
zothienyl (e.g., 2-benzothienyl, 3-benzothienyl), benzox-
azolyl (e.g., 2-benzoxazolyl), benzisoxazolyl (e.g., 7-ben-
zisoxazolyl), benzothiazolyl (e.g., 2-benzothiazolyl),
benzimidazolyl (e.g., benzimidazol-1-yl, benzimidazol-2-yl,
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benzimidazol-5-yl), benzotriazolyl (e.g., 1H-1,2,3-benzot-
riazol-5-yl), indolyl (e.g., indol-1-yl, indol-2-yl, indol-3-yl,
indol-5-yl), indazolyl (e.g., 1H-indazol-3-yl), pyrrolopyrazi-
nyl (e.g., 1H-pyrrolo[2,3-b]pyrazin-2-yl, 1H-pyrrolo[2,3-b]
pyrazin-6-yl), imidazopyridyl (e.g., 1H-imidazo[4,5-b]|pyri-
din-2-yl, 1H-imidazo[4,5-c]|pyridin-2-yl, 2H-imidazo[1,2-a]
pyridin-3-yl), imidazopyrazinyl (e.g., 1H-imidazo[4,5-b]
pyrazin-2-yl), pyrazolopyridyl (e.g., 1H-pyrazolo[4,3-c]
pyridin-3-yl), pyrazolothienyl (e.g., 2H-pyrazolo[3,4-b]
thiophen-2-yl), pyrazolotriazinyl (e.g., pyrazolo[5,1-c][1,2,
4triazin-3-yl) and the like;

and the like.

Examples of the “non-aromatic heterocyclic group”
include a 3- to 10-membered (preferably 5- or 6-membered)
monocyclic non-aromatic heterocyclic group containing, as a
ring-constituting atom besides carbon atoms, 1 to 4 heteroa-
toms selected from an oxygen atom, a sulfur atom and a
nitrogen atom, and a fused non-aromatic heterocyclic group.
Examples of the fused non-aromatic heterocyclic group
include a group derived from a fused ring wherein a ring
corresponding to such 3- to 10-membered monocyclic non-
aromatic heterocyclic group, and 1 or 2 rings selected from a
5- or 6-membered heterocycle containing 1 or 2 nitrogen
atoms, a S-membered heterocycle containing one sulfur atom
and a benzene ring are condensed, and the like.

Examples of the “non-aromatic heterocyclic group”
include 4- to 7-membered (preferably 5- or 6-membered)
monocyclic non-aromatic heterocyclic groups such as pyrro-
lidinyl (e.g., 1-pyrrolidinyl, 2-pyrrolidinyl), piperidinyl (e.g.,
piperidino, 2-piperidinyl, 3-piperidinyl, 4-piperidinyl), mor-
pholinyl (e.g., morpholino), thiomorpholinyl (e.g., thiomor-
pholino), piperazinyl (e.g., 1-piperazinyl, 2-piperazinyl,
3-piperazinyl), hexamethyleniminyl (e.g., hexamethylen-
imin-1-yl), oxazolidinyl (e.g., oxazolidin-2-yl), thiazolidinyl
(e.g., thiazolidin-2-yl), imidazolidinyl (e.g., imidazolidin-2-
yl, imidazolidin-3-yl), oxazolinyl (e.g., oxazolin-2-yl), thia-
zolinyl (e.g., thiazolin-2-yl), imidazolinyl (e.g., imidazolin-
2-yl, imidazolin-3-yl), dioxolyl (e.g., 1,3-dioxol-4-yl),
dioxolanyl (e.g., 1,3-dioxolan-4-yl), dihydrooxadiazolyl
(e.g., 4,5-dihydro-1,2,4-oxadiazol-3-yl), 2-thioxo-1,3-0x-
azolidin-5-yl, pyranyl (e.g., 4-pyranyl), tetrahydropyranyl
(e.g., 2-tetrahydropyranyl, 3-tetrahydropyranyl, 4-tetrahy-
dropyranyl), thiopyranyl (e.g., 4-thiopyranyl), tetrahydrothi-
opyranyl (e.g., 2-tetrahydrothiopyranyl, 3-tetrahydrothiopy-
ranyl, 4-tetrahydrothiopyranyl), 1-oxidotetrahydro-
thiopyranyl (e.g., 1-oxidotetrahydrothiopyran-4-yl), 1,1-di-
oxidotetrahydrothiopyranyl (e.g., 1,1-dioxidotetrahydrothi-
opyran-4-yl), tetrahydrofuryl (e.g., tetrahydrofuran-3-yl, tet-
rahydrofuran-2-yl), pyrazolidinyl (e.g., pyrazolidin-1-yl,
pyrazolidin-3-yl), pyrazolinyl (e.g., pyrazolin-1-yl), tetrahy-
dropyrimidinyl (e.g., tetrahydropyrimidin-1-yl), hexahydro-
pyrimidinyl (e.g., hexahydropyrimidin-1-yl), dihydrotriaz-
olyl (e.g., 2,3-dihydro-1H-1,2,3-triazol-1-yl),
tetrahydrotriazolyl (e.g., 2,3.4,5-tetrahydro-1H-1,2,3-tria-
zol-1-yl) and the like; fused non-aromatic heterocyclic
groups such as dihydroindolyl (e.g., 2,3-dihydro-1H-indol-1-
yl), dihydroisoindolyl (e.g., 1,3-dihydro-2H-isoindol-2-yl),
dihydrobenzofuranyl (e.g., 2,3-dihydrobenzofuran-5-yl),
dihydrobenzodioxinyl (e.g., 2,3-dihydro-1,4-benzodioxi-
nyl), dihydrobenzodioxepinyl (e.g., 3,4-dihydro-2H-1,5-ben-
zodioxepinyl), tetrahydrobenzotfuranyl (e.g., 4,5,6,7-tetrahy-
drobenzofuran-3-yl), chromenyl (e.g., 4H-chromen-2-yl,
2H-chromen-3-yl), dihydroquinolinyl (e.g., 1,2-dihydro-
quinolin-4-yl), tetrahydroquinolinyl (e.g., 1,2,3,4-tetrahyd-
roquinolin-4-yl), dihydroisoquinolinyl (e.g., 1,2-dihydroiso-
quinolin-4-yl),  tetrahydroisoquinolinyl (e.g., 1,2,3,4-
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tetrahydroisoquinolin-4-yl), dihydrophthalazinyl (e.g., 1,4-
dihydrophthalazin-4-yl) and the like;
and the like.

The above-mentioned “heterocyclic group” optionally has
substituent(s) (e.g., 1 to 5, preferably 1 to 3 substituents) at
substitutable position(s). When the number of the substitu-
ents is two or more, the respective substituents may be the
same or different.

Examples of the “substituent” of the “heterocyclic group
optionally having substituents” include the groups exempli-
fied as the aforementioned substituent group A and the like.

Examples of the “acyl group” in the present specification
include groups represented by the formulas: —COR?,
—CO—OR*, —SO,RA, —SOR*, —CO—NRR", —CS—
NR'R" wherein RA is a hydrogen atom, a hydroxy group, a
hydrocarbon group optionally having substituent(s), an
amino group optionally having substituent(s) or a heterocy-
clic group optionally having substituent(s). R'and R" are each
a hydrogen atom, a hydrocarbon group optionally having
substituent(s) or a heterocyclic group optionally having sub-
stituent(s), or R' and R" form, together with the nitrogen atom
bonded thereto, a nitrogen-containing heterocycle optionally
having substituent(s), and the like.

Examples of the “hydrocarbon group” of the “hydrocarbon
group optionally having substituent(s)” for R, R' or R"
include those similar to the “hydrocarbon group” of the afore-
mentioned “hydrocarbon group optionally having substitu-
ent(s)”.

Examples of the “heterocyclic group” of the “heterocyclic
group optionally having substituent(s)” for R<, R' or R"
include those similar to the “heterocyclic group” of the afore-
mentioned “heterocyclic group optionally having substitu-
ent(s)”.

Examples of the “amino group optionally having substitu-
ent(s)” for R include those similar to the “amino group
optionally having substituent(s)” of the aforementioned sub-
stituent group A.

Examples of the substituent of the “hydrocarbon group
optionally having substituent(s)” and “heterocyclic group
optionally having substituent(s)” for R*, R' or R" include 1 to
5, preferably 1 to 3, selected from the aforementioned sub-
stituent group A. When the number of the substituents is two
or more, the respective substituents may be the same or dif-
ferent.

Examples of the “nitrogen-containing heterocycle” of the
“nitrogen-containing heterocycle optionally having substitu-
ent(s)” formed by R' and R" together with the nitrogen atom
bonded thereto include a 4- to 7-membered nonaromatic
nitrogen-containing heterocycle containing, as a ring-consti-
tuting atom besides carbon atom, one nitrogen atom, and
optionally further containing 1 or 2 hetero atoms selected
from an oxygen atom, a sulfur atom and a nitrogen atom. The
nonaromatic nitrogen-containing heterocycle may be con-
densed with a benzene ring.

Examples of the nitrogen-containing heterocycle include
azetidine, pyrrolidine, imidazolidine, pyrazolidine, piperi-
dine, homopiperidine, piperazine, homopiperazine, morpho-
line, homomorpholine, thiomorpholine, thiohomomorpho-
line, dihydrobenzoxazine (e.g., 3,4-dihydro-2H-1,4-
benzoxazine), 1,2,3,4-tetrahydroquinoline, 7-aza-bicyclo
[2.2.1]heptane and the like.

The “nitrogen-containing heterocycle” optionally has
(preferably 1 to 3, more preferably 1 or 2) substituent(s) at
substitutable position(s). Examples of the substituent include
substituent group B and the like. When the number of the
substituents is two or more, the respective substituents may be
the same or different.
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Preferable examples of the “acyl” include
(1) a formyl group;
(2) a carboxy group;

(3) a C,_, alkyl-carbonyl group;

(4) a C, ¢ alkoxy-carbonyl group (e.g., methoxycarbonyl,
ethoxycarbonyl, propoxycarbonyl, tert-butoxycarbonyl)
optionally having 1 to 3 substituents selected from the sub-
stituent group B;

(5) a group represented by the formula: —CO—NR'R"
wherein R' and R" are each a hydrogen atom, a hydrocarbon
group optionally having 1 to 3 substituents selected from the
aforementioned substituent group B or a heterocyclic group
optionally having 1 to 3 substituents selected from the afore-
mentioned substituent group B, or R' and R" optionally form,
together with the nitrogen atom bonded thereto, a nitrogen-
containing heterocycle optionally having 1 to 3' substituents
selected from the aforementioned substituent group B, and
the like.

Examples of the “aryl group” in the present specification
include C,_, aryl such as phenyl, 1-naphthyl, 2-naphthyl,
biphenylyl, 2-anthryl and the like. Among these, C,_, , aryl is
preferable and phenyl is more preferable. The above-men-
tioned aryl may be condensed with C,_,, cycloalkane (ex-
amples of the C;_, , cycloalkane include a ring corresponding
to the above-mentioned C;_;, cycloalkyl), and examples of
the fused group include tetrahydronaphthyl, indanyl and the
like.

Examples of the “heteroaryl group” in the present specifi-
cation include a monocyclic aromatic heterocyclic group and
a fused aromatic heterocyclic group from the “heterocyclic
group” of the aforementioned “heterocycle optionally having
substituent(s)”.

Examples of the “heterocycle” in the present specification
include monocyclic heterocycle and fused heterocycle.

Examples of the “monocyclic heterocycle” include mono-
cyclic aromatic heterocycle and monocyclic non-aromatic
heterocycle.

Examples of the “monocyclic aromatic heterocycle”
include a 4- to 10-membered (preferably 5- or 6-membered)
monocyclic aromatic heterocycle containing, as a ring-con-
stituting atom besides carbon atoms, 1 to 4 heteroatoms
selected from an oxygen atom, a sulfur atom and a nitrogen
atom.

Examples of the “monocyclic aromatic heterocycle”
include a 4- to 7-membered (preferably 5- or 6-membered)
monocyclic aromatic heterocycle such as furan, thiophene,
pyridine, pyrimidine, pyridazine, pyrazine, pyrrole, imida-
zole, pyrazole, thiazole, isothiazole, oxazole, isoxazole, oxa-
diazolyl (e.g., 1,2,4-oxadiazole, 1,3,4-oxadiazole), thiadiaz-
ole (e.g., 1,2,4-thiadiazole, 1,3,4-thiadiazole), triazole (e.g.,
1,2.4-triazole, 1,2,3-triazole), tetrazole, triazine (e.g., 1,3,5-
triazine, 1,2,3-triazine, 1,2,4-triazine) and the like.

Examples of the “monocyclic non-aromatic heterocycle”
include a 3- to 10-membered (preferably 5- or 6-membered)
monocyclic non-aromatic heterocycle containing, as a ring-
constituting atom besides carbon atoms, 1 to 4 heteroatoms
selected from an oxygen atom, a sulfur atom and a nitrogen
atom.

Examples of the “monocyclic non-aromatic heterocycle”
include a 4- to 7-membered (preferably 5- or 6-membered)
monocyclic non-aromatic heterocycle such as pyrrolidine,
piperidine, morpholine, thiomorpholine, piperazine, hexam-
ethylenimine, oxazolidine, thiazolidine, imidazolidine,
oxazoline, thiazoline, imidazoline, dioxole, dioxolane, dihy-
drooxadiazole (e.g., 4,5-dihydro-1,2,4-oxadiazole),
2-thioxo-1,3-oxazolidine, pyran, tetrahydropyran, thiopyran,
tetrahydrothiopyran, 1-oxidetetrahydrothiopyran, 1,1-diox-
idetetrahydrothiopyran, tetrahydrofuran, pyrazolidine, pyra-
zoline, tetrahydropyrimidine, dihydrotriazole, tetrahydrotria-
zole (e.g., 2,3,4,5-tetrahydro-1H-1,2,3-triazole) and the like.
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Examples of the “fused heterocycle” include fused aro-
matic heterocycle and fused non-aromatic heterocycle.

Examples of the “fused aromatic heterocycle” include a
ring wherein a 4- to 7-membered (preferably 5- or 6-mem-
bered) monocyclic aromatic heterocycle containing, as a
ring-constituting atom besides carbon atoms, 1 to 4 heteroa-
toms selected from an oxygen atom, a sulfur atom and a
nitrogen atom, and 1 or 2 rings selected from a 5- or 6-mem-
bered aromatic heterocycle containing 1 or 2 nitrogen atoms,
a 5-membered aromatic heterocycle containing one sulfur
atom and a benzene ring are condensed and the like.

Examples of the “fused aromatic heterocycle” include
quinoline, isoquinoline, quinazoline, quinoxaline, benzofu-
ran, benzothiophene, benzoxazole, benzisoxazole, ben-
zothiazole, benzimidazole, benzotriazole, indole, indazole,
pyrrolopyrazine (e.g., 1H-pyrrolo[2,3-b|pyrazine), imida-
zopyridine (e.g., 3H-imidazo[4,5-b]pyridine, 1H-imidazo[5,
4-b|pyridine, 1H-imidazo[4,5-c]pyridine, imidazo[1,2-a]py-
ridine), imidazopyrazine (e.g., 1H-imidazo[4,5-b]pyrazine,
imidazo[1,2-a]pyrazine), imidazopyrimidine (e.g., imidazo
[1,2-a]pyrimidine, imidazo[1,2-c]pyrimidine), imidazopy-
ridazine (e.g., imidazo[1,2-b|pyridazine), pyrazolopyridine
(e.g., 1H-pyrazolo[4,3-c]pyridine), thienopyrrole (e.g.,
4H-thieno|[3,2-b]pyrrole), pyrazolothiophene (e.g., 2H-pyra-
zolo[3,4-b|thiophene), pyrazolotriazine (e.g., pyrazolo[5,1-
c|[1,2,4]triazine), pyrrolopyridine (e.g., 1H-pyrrolo[1,2-b]
pyridine), 1,4-dihydropyrrolo[3,2-b]pyrrole, 4H-furo[3,2-b]
pyrrole, 4H-thieno[3,2-b]pyrrole, 1H-furo[2,3-d]imidazole,
1H-thieno[2,3-d]imidazole and the like.

Examples of the “fused non-aromatic heterocycle” include
a ring wherein a 4- to 7-membered (preferably 5- or 6-mem-
bered) monocyclic non-aromatic heterocycle containing, as a
ring-constituting atom besides carbon atoms, 1 to 4 heteroa-
toms selected from an oxygen atom, a sulfur atom and a
nitrogen atom, and 1 or 2 rings selected from a 5- or 6-mem-
bered aromatic heterocycle containing 1 or 2 nitrogen atoms,
a 5-membered aromatic heterocycle containing one sulfur
atom and a benzene ring are condensed, and the like.

Examples of the “fused non-aromatic heterocycle” include
dihydroindole (e.g., 1,2-dihydroindole), tetrahydroindole
(e.g., 4,5,6,7-tetrahydro-1H-indole), dihydroisoindole, tet-
rahydroisoindole (e.g., 4,5,6,7-tetrahydroisoindole), dihy-
drobenzofuran, dihydrobenzodioxine (e.g., 2,3-dihydro-1,4-
benzodioxine), dihydrobenzodioxepine (e.g., 3,4-dihydro-
2H-1,5-benzodioxepine), tetrahydrobenzimidazole (e.g., 4,5,
6,7-tetrahydro-1H-benzimidazole),  tetrahydrobenzofuran
(e.g., 4,5,6,7-tetrahydrobenzofuran), chromene (e.g.,
4H-chromene, 2H-chromene), dihydroquinoline (e.g., 1,2-
dihydroquinoline), tetrahydroquinoline (e.g., 1,2,3,4-tet-

rahydroquinoline), dihydroisoquinoline (e.g., 1,2-dihy-
droisoquinoline), tetrahydroisoquinoline (e.g., 1,2,3,4-
tetrahydroisoquinoline), dihydrophthalazine (e.g., 1,4-

dihydrophthalazine), 1,4-dihydrocyclopenta[b]pyrrole, 1,4-
dihydrocyclopentaimidazole, 1,4-dihydropyrrolo[2,3-d]
imidazole and the like.

Examples of the “5- to 7-membered nitrogen-containing
heterocycle” in the present specification include pyrrolidine,
piperidine and homopiperidine.

Each symbol in the formulas (I) and (II) is defined in detail
in the following.

Rl

In the formulas (I) and (1), R* is a hydrogen atom, an alkyl
group optionally having substituent(s), an alkenyl group
optionally having substituent(s) or a cycloalkyl group option-
ally having substituent(s).

Examples of the substituent of the “alkyl group optionally

having substituent(s)”, “alkenyl group optionally having sub-
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stituent(s)” and “cycloalkyl group optionally having substitu-
ent(s)” for R! include 1 to 5, preferably 1 to 3 selected from
the aforementioned substituent group A. When the number of
the substituents is two or more, the respective substituents
may be the same or different.

R! is preferably a hydrogen atom or a C,_4 alkyl group
optionally having substituent(s), more preferably a C, ; alkyl
group (e.g., methyl group, ethyl group, propyl group, isopro-
py! group, isobutyl group etc.) optionally having 1 to 3 sub-
stituents selected from halogen atom(s), a cyano group, a
hydroxy group, a C,_,, cycloalkyl (e.g., cyclopropyl) and the
like, and still more preferably, a C,_¢ alkyl group (particularly,
isobutyl).

R2

In the formula (I), R? is a halogen atom, a hydroxy group,
a cyano (nitrile) group, an amino group optionally having
substituent(s), a mercapto group optionally having a substitu-
ent (the mercapto group is optionally oxidized), an alkyl
group optionally having substituent(s) other than a substi-
tuted amino group, an alkoxy group optionally having sub-
stituent(s), a 3- to 10-membered cyclic hydrocarbon group
optionally having substituent(s), a3- to 10-membered hetero-
cyclic group optionally having substituent(s), or an acyl
group (wherein when the acyl group is —CONR'R", then R'
and R" are both hydrogen atoms or form, together with the
nitrogen atom bonded thereto, a nitrogen-containing hetero-
cycle optionally having substituent(s)).

The “amino group” of the “amino group optionally having
substituent(s)” for R? optionally has 1 or 2 substituents at
substitutable position(s). When the number of the substitu-
ents is two, the respective substituents may be the same or
different. Examples of the substituent include the aforemen-
tioned substituent group B.

The “mercapto group” of the “mercapto group optionally
having a substituent” for R? optionally has a substituent and
optionally oxidized by 1 or 2 oxygens. Examples of the sub-
stituent include the aforementioned substituent group B.

The “alkyl group” of the “alkyl group optionally having
substituent(s) other than a substituted amino group” for R*
optionally has (for example, 1 to 5, preferably 1 to 3) sub-
stituent(s) other than a substituted amino group at substitut-
able position(s). When the number of the substituents is two
or more, the respective substituents may be the same or dif-
ferent. Examples of the substituent include substituent group
B (except mono- or di-C, ¢ alkylamino group, C,_, ; aralky-
lamino group, C,  alkoxy-carbonylamino group and C, ¢
alkyl-carbonylamino group). Examples of the “substituent”
of the “substituted amino group” include unsubstituted or
substituted alkyl, unsubstituted or substituted alkenyl, unsub-
stituted or substituted alkynyl, unsubstituted or substituted
aryl, unsubstituted or substituted heterocyclyl or unsubsti-
tuted or substituted cycloalkyl or acyl (e.g., C,_¢ cycloalkyl
group or C, . alkyl group substituted by heterocycle) and the
like.

The “alkoxy group” of the “alkoxy group optionally having
substituent(s)” for R? optionally has (for example, 1 to 5,
preferably 1 to 3) substituent(s). When the number of the
substituents is two or more, the respective substituents may be
the same or different. Examples of the substituent include the
aforementioned substituent group B.

The “cyclic hydrocarbon group” of the “3- to 10-mem-
bered cyclic hydrocarbon group optionally having substitu-
ent(s)” and the “heterocyclic group” of the “3- to 10-mem-
bered heterocyclic group optionally having substituent(s)”
for R? optionally has (for example, 1 to 5, preferably 1 to 3)
substituent(s). When the number of the substituents is two or



US 9,221,836 B2

39

more, the respective substituents may be the same or differ-
ent. Examples of the substituent include the aforementioned
substituent group B.

Examples of the “cyclic hydrocarbon group” of the “3- to
10-membered cyclic hydrocarbon group optionally having
substituent(s)” for R? include those similar to the “3- to
10-membered cyclic hydrocarbon group” of the “3- to
10-membered cyclic hydrocarbon group optionally having
substituent(s)” of the aforementioned substituent group A.

Examples of the “heterocyclic group” of the “3- to
10-membered heterocyclic group optionally having substitu-
ent(s)” for R? include those similar to the “heterocyclic
group” of the “3- to 10-membered heterocyclic group option-
ally having substituent(s)” of the aforementioned substituent
group A.

When the “acyl group” for R? is —CO—NR'R", R' and R"
are both hydrogen atoms or form, together with the nitrogen
atom bonded thereto, a nitrogen-containing heterocycle
optionally having substituent(s). Examples of the nitrogen-
containing heterocycle include those mentioned above, and
morpholine is particularly preferable.

Examples of the substituent of the “nitrogen-containing
heterocycle optionally having substituent(s)” formed by R'
and R" together with the nitrogen atom bonded thereto
include 1 to 5, preferably 1 to 3, selected from the aforemen-
tioned substituent group B. When the number of the above-
mentioned substituents is two or more, the respective sub-
stituents may be the same or different.

R? is preferably a C,_, alkyl group (e.g., methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, pentyl) optionally having
substituent(s) other than a substituted amino group, a 3- to
10-membered heterocyclic group optionally having substitu-
ent(s) or an acyl group (wherein when the acyl group is
—CONR'R", R' and R" are both hydrogen atoms or form,
together with the nitrogen atom bonded thereto, a nitrogen-
containing heterocycle (e.g., morpholine) optionally having
substituent(s)), more preferably
(1) a C,_¢ alkyl group (e.g., methyl, ethyl, propyl, isopropyl,
butyl, isobutyl, pentyl) optionally having 1 to 3 substituents
selected from
(a) a hydroxy group,

(b) a halogen atom (e.g., fluorine atom),

(c) a C,_4 alkoxy group (e.g., methoxy, ethoxy),

(d) a C,_¢ alkyl-carbonyloxy group (e.g., acetyloxy),

(e) an aromatic heterocyclic group (e.g., pyridyl) optionally
having 1 to 3 halogen atoms,

() a C,_,, cycloalkyl group (e.g., cyclopropyl), and

(g) a cyclic amino group (e.g., pyrrolidinyl, piperidino, mor-
pholino, thiomorpholino, piperazinyl, imidazolidin-1-yl,
pyrazolidin-1-yl etc.) optionally having an oxo group,

(2) a 3- to 10-membered heterocyclic group (1,2,4-triazolyl,
1,3,4-oxadiazolyl, 1,2.4-oxadiazolyl, 4,5-dihydro-1,2,4-oxa-
diazolyl, tetrazolyl, tetrahydropyrimidinyl, oxazolyl, pip-
eridinyl, pyrrolidinyl, hexahydropyrimidinyl) optionally hav-
ing 1 to 3 substituents selected from a C, ¢ alkyl group and an
0X0 group,

(3) a carboxy group,

(4) a C,_¢ alkoxy-carbonyl group (e.g., methoxycarbonyl,
ethoxycarbonyl, propoxycarbonyl, tert-butoxycarbonyl)
optionally having 1 to 3 substituents selected from a nonaro-
matic heterocyclic group (e.g., dioxolyl) optionally having 1
to 3 substituents selected from a C, , alkyl group (e.g.,
methyl) and oxo group,

(5) a C,_g alkyl-carbonyl group (e.g., acetyl), or

(6) the formula: —CO—NR'R"

wherein R' and R" are each a hydrogen atom, or R' and R"
form, together with the nitrogen atom bonded thereto, a nitro-
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gen-containing heterocycle (e.g., azetidine, morpholine, pyr-
rolidine, piperidine, 7-aza-bicyclo[2.2.1]heptane, homomor-
pholine, dihydrobenzoxazin (e.g., 3,4-dihydro-2H-1,4-
benzoxazin)) optionally having 1 to 3 substituents selected
from halogen atom(s) (e.g., fluorine atom).
R3

In the formula (II), R? is an alkyl group optionally substi-
tuted by group(s) other than a heterospiro ring optionally
having substituent(s), an alkenyl group optionally having
substituent(s), a cycloalkyl group optionally having substitu-
ent(s), an alkylthio group optionally having substituent(s), an
alkylsulfinyl group optionally having substituent(s), an alkyl-
sulfonyl group optionally having substituent(s), an alkoxy
group optionally having substituent(s), an aryl group option-
ally having substituent(s) or a heteroaryl group optionally
having substituent(s).

Examples of the “heterospiro ring” of the “alkyl group
optionally substituted by group(s) other than a heterospiro
ring optionally having substituent(s)” for R* include a spiro
ring formed from a 4- to 7-membered (preferably 5- or
6-membered) monocyclic non-aromatic heterocycle contain-
ing, as a ring constituting atom besides carbon atom, 1 to 4
hetero atoms selected from an oxygen atom, a sulfur atom and
anitrogen atom and a C;_,, cycloalkane (as the C;_;, cycloal-
kane, a ring corresponding to the above-mentioned C,
cycloalkyl can be mentioned, which is optionally condensed
with a benzene ring), a spiro ring formed from the monocyclic
non-aromatic heterocycles, and the like.

Examples of the “heterospiro ring” include a spiro ring
formed from a 4- to 7-membered (preferably 5- or 6-mem-
bered) monocyclic non-aromatic heterocycle such as pyrro-
lidine, piperidine, morpholine, thiomorpholine, piperazine,
hexamethylenimine, oxazolidine, thiazolidine, imidazoli-
dine, oxazoline, thiazoline, imidazoline, dioxole (e.g., 1,3-
dioxole), dioxolane (e.g., 1,3-dioxolane), dihydrooxadiazole
(e.g., 4,5-dihydro-1,2.4-oxadiazole), 2-thioxo-1,3-oxazoli-
dine, pyran, tetrahydropyran, thiopyran, tetrahydrothiopyran,
1-oxidetetrahydrothiopyran, 1,1-dioxidetetrahydrothiopy-
ran, tetrahydrofuran, pyrazolidine, pyrazoline, tetrahydropy-
rimidine, dihydrotriazole (e.g., 2,3-dihydro-1H-1,2,3-triaz-
ole), tetrahydrotriazole (e.g., 2,3,4,5-tetrahydro-1H-1,2,3-
triazole) and the like, and a C;_j, cycloalkane such as
cyclopropane, cyclobutane, cyclopentane, cyclohexane,
cycloheptane, cyclooctane and the like or a fused ring (e.g.,
indane, tetrahydronaphthalene, fluorene etc.) formed from
the C,_,, cycloalkane and benzene ring; or a spiro ring formed
from the monocyclic non-aromatic heterocycles, a spiro ring
formed from pyrrolidine, piperidine, morpholine, thiomor-
pholine, piperazine and the like and, cyclopropane, cyclobu-
tane, cyclopentane, cyclohexane, indane, tetrahydronaphtha-
lene and the like is preferable.

As the “heterospiro ring”, spiro[indane-1,4'-piperidine]
and the like can be specifically mentioned.

As the substituent of the “heterospiro ring”, 1 to 5, prefer-
ably 1 to 3, selected from the aforementioned substituent
group A can be mentioned. When the number of the substitu-
ents is two or more, the respective substituents may be the
same or different.

The “alkyl group” of the “alkyl group optionally substi-
tuted by group(s) other than a heterospiro ring optionally
having substituent(s)” for R* optionally has (for example, 1 to
5, preferably 1 to 3) substituent(s) other than the “heterospiro
ring optionally having substituent(s)” at substitutable posi-
tion(s). When the number of the substituents is two or more,
the respective substituents may be the same or different.
Examples of the substituent include the aforementioned sub-
stituent group A.
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Examples of the substituent of the “alkenyl group option-
ally having substituent(s)”, “cycloalkyl group optionally hav-

ing substituent(s)”, “alkylthio group optionally having sub-

stituent(s)”, “alkylsulfinyl group optionally having
substituent(s)”, “alkylsulfonyl group optionally having sub-
stituent(s)”, “alkoxy group optionally having substituent(s)”,

“aryl group optionally having substituent(s)”” and “heteroaryl
group optionally having substituent(s)” for R* include 1 to 5,
preferably 1 to 3, selected from the aforementioned substitu-
ent group A. When the number of the substituents is two or
more, the respective substituents may be the same or differ-
ent.

R? is preferably a C,, alkoxy group (e.g., methoxy,
ethoxy) optionally having substituent(s), a C,  alkylthio
group (e.g., methylthio) optionally having substituent(s), a
C,_;, cycloalkyl group (e.g., cyclopropyl) optionally having
substituent(s), an aryl (e.g., phenyl) group optionally having
substituent(s), or a heteroaryl group (e.g., thienyl) optionally
having substituent(s), more preferably, a C, 4 alkoxy group
(e.g., methoxy, ethoxy) optionally substituted by a C, ¢
alkoxy group (e.g., methoxy, ethoxy) or a halogen atom (e.g.,
fluorine atom), a C,_, alkylthio group (e.g., methylthio), a
C,_;, cycloalkyl group (e.g., cyclopropyl) optionally substi-
tuted by a C, ¢ alkyl group (e.g., methyl), an aryl group (e.g.,
phenyl) or a heteroaryl group (e.g., thienyl, thiazolyl, pyridyl,
pyrazolyl, imidazolyl, 1,3,4-oxadiazolyl, 1,2,4-oxadiazolyl)
optionally substituted by a C, ¢ alkyl group (e.g., methyl),
more preferably, a C, 4 alkoxy group (e.g., methoxy, ethoxy)
optionally having substituent(s).

X

In the formula (I), X is absent or a hydrogen atom, an alkyl
group optionally substituted by group(s) other than a het-
erospiro ring optionally having substituent(s) or a cycloalkyl
group optionally having substituent(s).

Examples of the “heterospiro ring optionally having sub-
stituent(s)” of the “alkyl group optionally substituted by
group(s) other than a heterospiro ring optionally having sub-
stituent(s)” for X include those similar to the “heterospiro
ring optionally having substituent(s)” of the aforementioned
“C,_¢ alkyl group optionally substituted by group(s) other
than a heterospiro ring optionally having substituent(s)” for
R3.

The “alkyl group” of the “alkyl group optionally substi-
tuted by group(s) other than a heterospiro ring optionally
having substituent(s)” for X optionally has (for example, 1 to
5, preferably 1 to 3) substituent(s) other than the heterospiro
ring optionally having substituent(s) at substitutable posi-
tion(s). When the number of the substituents is two or more,
the respective substituents may be the same or different.
Examples of the substituent include a halogen atom, a
hydroxy group, an alkenyl group optionally having substitu-
ent(s), an alkynyl group optionally having substituent(s), a
cycloalkyl group optionally having substituent(s), a
cycloalkyloxy group optionally having substituent(s), an
alkylthio group optionally having substituent(s), an alkyl-
sulfinyl group optionally having substituent(s), an alkylsul-
fonyl group optionally having substituent(s), an alkoxy group
optionally having substituent(s), an aryl group optionally
having substituent(s), a heteroaryl group optionally having
substituent(s), an aryloxy group optionally having substitu-
ent(s), and an acyl group.

Examples of the substituent of the “alkenyl group option-
ally having substituent(s)”, “alkynyl group optionally having
substituent(s)”, “cycloalkyl group optionally having substitu-
ent(s)”, “cycloalkyloxy group optionally having substitu-
ent(s)”, “alkylthio group optionally having substituent(s)”,
“alkylsulfinyl group optionally having substituent(s)”,

10

15

20

25

30

35

40

45

50

55

60

65

42

“alkylsulfonyl group optionally having substituent(s)”,
“alkoxy group optionally having substituent(s)”, “aryl group
optionally having substituent(s)”, “heteroaryl group option-
ally having substituent(s)” and “aryloxy group optionally
having substituent(s)” exemplified as the “substituent” of the
“alkyl group optionally substituted by group(s) other than a
heterospiro ring optionally having substituent(s)” for X
include 1 to 5, preferably 1 to 3, selected from the aforemen-
tioned substituent group A. When the number of the substitu-
ents is two or more, the respective substituents may be the
same or different.

Examples of the substituent of the “cycloalkyl group
optionally having substituent(s)” for X include 1 to 5, pref-
erably 1 to 3, selected from the aforementioned substituent
group A. When the number of the substituents is two or more,
the respective substituents may be the same or different.

X is preferably
(1) a hydrogen atom;

(2) a C,_¢ alkyl group (e.g., methyl, ethyl, propyl, isopropyl,
butyl, hexyl) optionally substituted by 1 to 3 substituents
selected from

(a) a halogen atom (e.g., fluorine atom),

(b) a hydroxy group,

(c) a C,_¢ alkoxy group (e.g., methoxy, ethoxy) optionally
having a C, 4 alkoxy group (e.g., methoxy) or a halogen atom
(e.g., fluorine atom),

(d) a C, ¢ alkylthio group (e.g., methylthio),

(e) an aryl group (e.g., phenyl),

(f) a aryloxy group (e.g., phenyloxy) optionally havingaC, ¢
alkoxy group (e.g., methoxy) or a halogen atom (e.g., fluorine
atom), and

(g) a heteroaryl group (e.g., thienyl, thiazolyl); or

(3)aC, , cycloalkyl group (e.g., cyclopropyl), more prefer-
ably,a C, ¢ alkyl group (e.g., methyl, ethyl, propyl, isopropyl,
butyl) optionally substituted by a C,_, alkoxy group (e.g.,
methoxy, ethoxy).

Xl

In the formula (II), X" is a C,_ alkylene group optionally
substituted by group(s) other than a heterospiro ring option-
ally having substituent(s).

Examples of the “heterospiro ring optionally having sub-
stituent(s)” of the “C,  alkylene group optionally substituted
by group(s) other than a heterospiro ring optionally having
substituent(s)” for X' include those similar to the “het-
erospiro ring optionally having substituent(s)” of the afore-
mentioned “C,  alkyl group optionally substituted by
group(s) other than a heterospiro ring optionally having sub-
stituent(s)” for R>.

The “C,_ alkylene group” of the “C, ; alkylene group
optionally substituted by group(s) other than a heterospiro
ring optionally having substituent(s)” for X' optionally has
(for example, 1 to 5, preferably 1 to 3) substituent(s) other
than a heterospiro ring optionally having substituent(s) at
substitutable position(s). When the number of the substitu-
ents is two or more, the respective substituents may be the
same or different. Examples of the substituent include the
aforementioned substituent group A.

X! is preferably a “C,_ alkylene group optionally substi-
tuted by group(s) other than a heterospiro ring optionally
having substituent(s) and an oxo group”, more preferably, a
C, ¢ alkylene group (e.g., methylene, ethylene, trimethylene,
tetramethylene).

Ring A and Ring A*

Inthe formula (I), ring A is a heterocycle optionally having
substituent(s), and in the formula (II), ring A' is a fused
heterocycle optionally having substituent(s). However, ring A
is not
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R'“ is an optionally substituted C, 4 alkyl group, a C,_q
cycloalkoxy group substituted by C,_, alkoxy, an optionally
substituted C,_ alkenyl group, an optionally substituted C, ¢
alkenyloxy group, an optionally substituted C; , alkynyl
group, an optionally substituted C;_, alkynyloxy group, an
optionally substituted C,_¢ alkylsulfinyl group, an optionally
substituted C,_¢ alkylsulfonyl group, an optionally substi-
tuted C, ¢ alkoxy group, an optionally substituted amino
group, an optionally substituted aminocarbonyl group, an
optionally substituted C,_, alkoxycarbonyl group or an
optionally substituted C,_, alkylcarbonyl group;

R'? and R*® are the same or different and each independently
is a hydrogen atom, a cyano group, an optionally substituted
C, s alkyl group, an optionally substituted C,  alkoxy group,
an optionally substituted C,_¢ alkenyl group, C, ¢ alkylsulfo-
nyl group, or a halogen atom;

R'¢and R'“ are the same or different and each independently
is a hydrogen atom, a halogen atom, a hydroxyl group, a
formyl group, a carboxy group, a cyano group, an optionally
substituted C, ¢ alkyl group, an optionally substituted C,_¢
alkenyl group, an optionally substituted C,_, alkynyl group,
an optionally substituted C;_,, cycloalkyl group, an option-
ally substituted Cs_¢ cycloalkenyl group, an optionally sub-
stituted C,_,, aryl group, an optionally substituted C,_,
aralkyl group, an optionally substituted S-membered to
10-membered monocyclic or polycyclic heteroaryl group, an
optionally substituted 5-membered or 6-membered saturated
heterocyclic group, an optionally substituted C,_ alkylthio
group, an optionally substituted C, ¢ alkylsulfinyl group, an
optionally substituted C, 4 alkylsulfonyl group, an optionally
substituted C_,, arylthio group, an optionally substituted
Ce.10 arylsulfinyl group, an optionally substituted C_,, aryl-
sulfonyl group, an optionally substituted C, 4 alkoxy group,
an optionally substituted C;_, alkynyloxy group, an option-
ally substituted C,_,, cycloalkyloxy group, an optionally sub-
stituted Cg_,, aryloxy group, an optionally substituted C,_,,
aralkyloxy group, an optionally substituted S-membered to
10-membered monocyclic or polycyclic heteroaryloxy
group, an optionally substituted amino group, an optionally
substituted aminocarbonyl group, an optionally substituted
aminosulfonyl group, an optionally substituted C,_, alkoxy-
carbonyl group, an optionally substituted C;_, cycloalky-
loxycarbonyl group, an optionally substituted C,_, alkylcar-
bonyl group, an optionally substituted C;
cycloalkylcarbonyl group, an optionally substituted Cg |,
arylcarbonyl group or an optionally substituted S-membered
to 10-membered monocyclic or polycyclic heteroarylcarbo-
nyl group; RY is a hydrogen atom, a halogen atom, a cyano
group, an optionally substituted C; ¢ cycloalkyl group, an
optionally substituted C,_¢ alkenyl group, an optionally sub-
stituted C,_g alkenyloxy group, an optionally substituted C;_g
alkynyl group, an optionally substituted C, , alkynyloxy
group, an optionally substituted C;_,, cycloalkyloxy group,
an optionally substituted C, 4 alkoxy group or an optionally
substituted C,_¢ alkyl group;

R'%'is a hydrogen atom, a halogen atom, a hydroxyl group, a
formyl group, a carboxy group, a cyano group, an optionally
substituted C, ¢ alkyl group, an optionally substituted C,_¢
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alkenyl group, an optionally substituted C,_ alkynyl group,
an optionally substituted C;_ cycloalkyl group, a C, ¢ alky-
Ithio group, C, ¢ alkylsulfonyl group, a C,_¢ alkoxy group
optionally substituted by a halogen atom, C, _, alkoxy or C; ¢
cycloalkyl, an optionally substituted C,_¢ cycloalkoxy group,
an optionally substituted amino group, an aminocarbonyl
group, a C,_, alkoxycarbonyl group, a C,_, alkylcarbonyl
group, an optionally substituted C_,, aryl group, an option-
ally substituted C_,, aryloxy group or an optionally substi-
tuted C,_, , aralkyloxy group;

orR'%'is a hydrogen atom; R'? and R'“’in combination form
a fused ring with a benzene ring, which contains at least one
hetero atom

(@)

Rla
RI® \N\/
RICQ\J
RY
Rld Rle
®)
Rla
\
N
]
Rlc / \\
— RY
Rrld Rle
©
Rla
RI® \I\I\/
N/ \ \J
_/ rY
Rrld Rle

wherein R'“ is an optionally substituted C,_ alkyl group, an
optionally substituted C,_¢ alkenyl group, an optionally sub-
stituted C,_¢ alkynyl group, an optionally substituted C;_;,
cycloalkyl group, an optionally substituted C;_¢ cycloalkenyl
group or an optionally substituted S-membered to 10-mem-
bered monocyclic or polycyclic heteroaryl-C, _, alkyl group;
R R'c, R'? and R!® are the same or different and each
independently is a hydrogen atom, a halogen atom, a
hydroxyl group, a formyl group, a carboxy group, a cyano
group, an optionally substituted C, ¢ alkyl group, an option-
ally substituted C,_ alkenyl group, an optionally substituted
C,_¢ alkynyl group, an optionally substituted C;_,, cycloalkyl
group, an optionally substituted C,_, cycloalkenyl group, an
optionally substituted Cg_, , aryl group, an optionally substi-
tuted C,_, , aralkyl group, an optionally substituted 5-mem-
bered to 10-membered monocyclic or polycyclic heteroaryl
group, an optionally substituted 5-membered to 10-mem-
bered monocyclic or polycyclic heteroaryl C, _, alkyl group,
an optionally substituted saturated heterocyclic group, an
optionally substituted C,  alkylthio group, an optionally sub-
stituted C, 4 alkylsulfinyl group, an optionally substituted
C, ¢ alkylsulfonyl group, an optionally substituted C, |,
arylthio group, an optionally substituted Cq_,, arylsulfinyl
group, an optionally substituted Cq_, , arylsulfonyl group, an
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optionally substituted C, , alkoxy group, an optionally sub-
stituted C,_ alkynyloxy group, an optionally substituted C;_
cycloalkyloxy group, an optionally substituted C,_,, aryloxy
group, an optionally substituted C,_, , aralkyloxy group, an
optionally substituted 5-membered to 10-membered mono-
cyclic or polycyclic heteroaryloxy group, an optionally sub-
stituted 5-membered to 10-membered monocyclic or polycy-
clic heteroaryl C,_, alkyloxy group, an optionally substituted
amino group, an optionally substituted aminocarbonyl group,
an optionally substituted aminocarbonyloxy group, an
optionally substituted aminosulfonyl group, an optionally
substituted C,_¢ alkoxycarbonyl group, an optionally substi-
tuted C,_ cycloalkyloxycarbonyl group, an optionally sub-
stituted C,_, alkylcarbonyl group, an optionally substituted
C,_¢ cycloalkylcarbonyl group, an optionally substituted
Cs.10 arylcarbonyl group or an optionally substituted 5S-mem-
bered to 10-membered monocyclic or polycyclic heteroaryl-
carbonyl group;

R"Y'is a hydrogen atom, a halogen aton, a hydroxyl group, a
cyano group, an optionally substituted C,  alkyl group, an
optionally substituted C,_¢ alkenyl group, an optionally sub-
stituted C,_¢ alkynyl group, an optionally substituted C;_;,
cycloalkyl group, an optionally substituted C;_¢ cycloalkenyl
group, an optionally substituted C_,, aryl group, an option-
ally substituted C,_, , aralkyl group, an optionally substituted
5-membered to 10-membered monocyclic or polycyclic het-
eroaryl group, an optionally substituted 5-membered to
10-membered monocyclic or polycyclic heteroaryl C, _, alkyl
group, an optionally substituted saturated heterocyclic group,
an optionally substituted C,_ alkylthio group, an optionally
substituted C,  alkylsulfinyl group, an optionally substituted
C, ¢ alkylsulfonyl group, an optionally substituted C, ¢
alkoxy group, an optionally substituted C, ¢ alkynyloxy
group, an optionally substituted C;_ cycloalkyloxy group, an
optionally substituted C4_, , aryloxy group, an optionally sub-
stituted C,_,, aralkyloxy group, an optionally substituted
5-membered to 10-membered monocyclic or polycyclic het-
eroaryl C, _, alkyloxy group, an optionally substituted amino
group, an optionally substituted aminocarbonyl group, an
optionally substituted aminosulfonyl group, an optionally
substituted C,_, alkoxycarbonyl group, an optionally substi-
tuted C;_4 cycloalkyloxycarbonyl group, an optionally sub-
stituted C,_, alkylcarbonyl group, an optionally substituted
C, ¢ cycloalkylcarbonyl group, an optionally substituted
Cs.10 arylcarbonyl group or an optionally substituted 5S-mem-
bered to 10-membered monocyclic or polycyclic heteroaryl-
carbonyl group.

Rla le
\N/|/\
Rlb /
O
Rlc Rle
Rld

wherein R'“ is an optionally substituted C,_ alkyl group, an
optionally substituted C,_, , alkenyl group, an optionally sub-
stituted C,_, alkynyl group, an optionally substituted C;_¢
cycloalkyl group, an optionally substituted C;_g cycloalkenyl
group, an optionally substituted C, ¢ alkylsulfinyl group, an
optionally substituted C, 4 alkylsulfonyl group, an optionally
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substituted aminocarbonyl group, an optionally substituted
C,_, alkoxycarbonyl group or an optionally substituted C, ,
alkylcarbonyl group;

R'? and R*® are the same or different and each independently
is a hydrogen atom, a halogen atom, a cyano group, an option-
ally substituted C, ¢ alkyl group, an optionally substituted
C, ¢ alkoxy group, an optionally substituted C;_ cycloalky-
loxy group or an optionally substituted aminocarbonyl group;
R!¢ and R'“ are the same or different and each independently
is a hydrogen atom, a halogen atom, a hydroxyl group, a
formyl group, a carboxy group, a cyano group, an optionally
substituted C, ¢ alkyl group, an optionally substituted C,_¢
alkenyl group, an optionally substituted C,_ alkynyl group,
an optionally substituted C;_,, cycloalkyl group, an option-
ally substituted Cs_¢ cycloalkenyl group, an optionally sub-
stituted C,_,, aryl group, an optionally substituted C,_,
aralkyl group, an optionally substituted S5-membered to
10-membered monocyclic or polycyclic heteroaryl group, an
optionally substituted 5-membered to 10-membered mono-
cyclic or polycyclic heteroaryl C, _, alkyl group, an optionally
substituted saturated heterocyclic group, an optionally sub-
stituted C,_¢ alkylthio group, an optionally substituted C,
alkylsulfinyl group, an optionally substituted C,  alkylsulfo-
nyl group, an optionally substituted C_, , arylthio group, an
optionally substituted Cq_,, arylsulfinyl group, an optionally
substituted Cg4_,,, arylsulfonyl group, an optionally substi-
tuted C,_, alkoxy group, an optionally substituted C;_; alky-
nyloxy group, an optionally substituted C,_,, cycloalkyloxy
group, an optionally substituted C,_ ,, aryloxy group, an
optionally substituted C,_,, aralkyloxy group, an optionally
substituted S-membered to 10-membered monocyclic or
polycyclic heteroaryloxy group, an optionally substituted
5-membered to 10-membered monocyclic or polycyclic het-
eroaryl C, _, alkyloxy group, an optionally substituted amino
group, an optionally substituted aminocarbonyl group, an
optionally substituted aminosulfonyl group, an optionally
substituted C, _, alkoxycarbonyl group, an optionally substi-
tuted C,_¢ cycloalkyloxycarbonyl group, an optionally sub-
stituted C, _, alkylcarbonyl group, an optionally substituted
C,_¢ cycloalkylcarbonyl group, an optionally substituted
Cs.10 arylcarbonyl group or an optionally substituted 5-mem-
bered to 10-membered monocyclic or polycyclic heteroaryl-
carbonyl group;

RY'is a hydrogen atom, a halogen atom, a cyano group, an
optionally substituted C, ¢ alkyl group, an optionally substi-
tuted C, ¢ alkoxy group, an optionally substituted C;
cycloalkyl group, an optionally substituted C, , alkenyl
group, an optionally substituted C, 4 alkenyloxy group, an
optionally substituted C,_g alkynyl group, an optionally sub-
stituted C,_¢ alkynyloxy group or an optionally substituted
C;_;o cycloalkyloxy group.

Examples of the substituent of the “heterocycle optionally
having substituent(s)” for ring A and the “fused heterocycle
optionally having substituent(s)” for ring A' include 1 to 3,
preferably 1 to 3, selected from the aforementioned substitu-
ent group A. When the number of the substituents is two or
more, the respective substituents may be the same or differ-
ent.

Ring A is preferably a monocyclic heterocycle such as
pyrimidine, pyrrole, imidazole, pyrazole or triazole (1,2,3-
triazole, 1,2.4-triazole) and the like; or a fused heterocycle
such as indole, benzimidazole, 1H-pyrrolo[1,2-b]pyridine,
3H-imidazo[4,5-b]pyridine, imidazo[ 1,2-a]pyridine, 5,6,7,8-
tetrahydroimidazo[1,2-a]pyridine, 4,5,6,7-tetrahydro-1H-in-
dole, 4,5,6,7-tetrahydro-1H-benzimidazole, 1,4-dihydrocy-
clopenta[b]pyrrole, 1,4-dihydropyrrolo[3,2-b]pyrrole,
4H-furo[3,2-b|pyrrole, 4H-thieno[3,2-b|pyrrole, 1,4-dihy-
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drocyclopentaimidazole, 1,4-dihydropyrrolo[2,3-d]imida-
zole, 1H-furo[2,3-d]imidazole or 1H-thieno[2,3-d]imida-
zole, imidazo[l,2-a]pyrimidine, imidazo[l,2-a]pyrazine,
imidazo[1,2-c]pyrimidine, imidazo[1,2-b]pyridazine, benzo-
furan, benzothiophene, benzothiazole, quinoline, isoquino-
line and the like, each of which optionally has 1 to 5, prefer-
ably 1 to 3, substituent(s) selected from substituent group A.

Preferable ring A' is a fused heterocycle selected from ring
A.

Each of ring A and ring A" is more preferably a ring rep-
resented by any of the formulas

a R? a b a c
R >//_\\\(2 R >// \/\> R R \/ /\ R
Y < >
— / N — and
Y\(N\ N Y\(N\
R? R®
AR

Yﬁ/N\

wherein R* and R? are each independently a hydrogen atom,
a halogen atom (e.g., fluorine atom, chlorine atom), an alkyl
group optionally having substituent(s), an alkoxy group (e.g.,
methoxy) optionally having substituent(s), or an acyl group
(e.g., C,_g alkoxy-carbonyl) (particularly preferably a hydro-
gen atom);

R€ is a hydrogen atom, a halogen atom (e.g., fluorine atom,
chlorine atom), —O, —S, an alkyl group optionally having
substituent(s), an alkoxy (e.g., methoxy) group optionally
having substituent(s), or an acyl group (e.g., C, ; alkoxy-
carbonyl);

Y*! and Y? are each independently CH or N; and

Z is CH,, NH, O or S, more preferably a ring represented by

b
Rll R
KX
y?2

wherein Y', Y2, R and R? are as defined above.

Examples of the substituent of the “alkyl group optionally
having substituent(s)” and “alkoxy group optionally having
substituent(s)” for R%, R? or R< include 1 to 5, preferably 1 to
3, selected from the aforementioned substituent group B.
When the number of the substituents is two or more, the
respective substituents may be the same or different.

Each of ring A and ring A' is more preferably a ring rep-
resented by any of the formulas
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wherein R* and R are each independently a hydrogen atom,
a halogen atom (e.g., fluorine atom, chlorine atom), a C, ¢
alkoxy group (e.g., methoxy), or a C, , alkoxy-carbonyl
group (e.g., methoxycarbonyl) (particularly preferably a
hydrogen atom);

R¢ is a hydrogen atom or —O;

Y*! and Y? are each independently CH or N; and

Z is S, more preferably, a ring represented by

a R?
X X
YZ

Yl\(N\

wherein R? and R? are each independently a hydrogen atom,
a halogen atom (e.g., fluorine atom, chlorine atom), a C, ¢
alkoxy group (e.g., methoxy), or a C, , alkoxy-carbonyl
group (e.g., methoxycarbonyl) (particularly preferably a
hydrogen atom); and

Y' and Y? are each independently CH or N, more preferably,

N\(N\

Ring B

In the formula (1), ring B is a 5- to 7-membered nitrogen-
containing heterocycle optionally having substituent(s), n is
0, 1 or 2 and NH constituting ring B is unsubstituted.

Examples of the substituent of the “5- to 7-membered
nitrogen-containing heterocycle optionally having substitu-
ent(s)” for ring B include 1 to 5, preferably 1 to 3, selected
from the aforementioned substituent group A or two substitu-
ents bonded to the carbon atoms adjacent to ring B may be
bonded to form C;_,, cycloalkane (e.g., cyclopentane, cyclo-
hexane) to be condensed with ring B. When the number of the
substituents is two or more, the respective substituents may be
the same or different.
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Ring B is preferably a 6-membered (n=1) nitrogen-con-
taining heterocycle optionally having 1 to 5, preferably 1 to 3,
substituents selected from substituent group A, more prefer-
ably, the formula

— R4
HN\/

more preferably, a ring represented by the formula

R4

wherein R* is

a hydrogen atom,

a halogen atom,

a hydroxy group,

a cyano (nitrile) group,

an amino group optionally having substituent(s),

a mercapto group optionally having a substituent (the mer-
capto group is optionally oxidized)

an alkyl group optionally having substituent(s) other than a
substituted amino group,

an alkoxy group optionally having substituent(s),

a 3- to 10-membered cyclic hydrocarbon group optionally
having substituent(s),

a 3- to 10-membered heterocyclic group optionally having
substituent(s) or

an acyl group (wherein when the acyl group is —CONR'R",
thenR'and R" are both hydrogen atoms or form, together with
the nitrogen atom bonded thereto, a nitrogen-containing het-
erocycle optionally having substituent(s)).

The “alkyl group” of the “alkyl group optionally having
substituent(s) other than a substituted amino group” for R*
optionally has (for example, 1 to 5, preferably 1 to 3) sub-
stituent(s) other than the substituted amino group at substi-
tutable position(s). When the number of the substituents is
two or more, the respective substituents may be the same or
different. Examples of the substituent include substituent
group B (except mono- or di-C, ¢ alkylamino group, C,_ ¢
aralkylamino group, C,_s alkoxy-carbonylamino group and
C, ¢ alkyl-carbonylamino group). Examples of the “substitu-
ent” of the “substituted amino group” include unsubstituted
or substituted alkyl, unsubstituted or substituted alkenyl,
unsubstituted or substituted alkynyl, unsubstituted or substi-
tuted aryl, unsubstituted or substituted heterocyclyl or unsub-
stituted or substituted cycloalkyl or acyl (e.g., C, ¢ alkyl
group substituted by C, ¢ cycloalkyl group or heterocycle)
and the like.

Examples of the substituent of the “alkoxy group option-
ally having substituent(s)”, “3-to 10-membered cyclic hydro-
carbon group optionally having substituent(s)” and “3- to
10-membered heterocyclic group optionally having substitu-
ent(s)” for R* include 1 to 5, preferably 1 to 3, selected from
the aforementioned substituent group B. When the number of
the substituents is two or more, the respective substituents
may be the same or different.
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Examples of the “substituent” of the “amino group option-
ally having substituent(s)” for R* include 1 or 2 selected from
the aforementioned substituent group B. When the number of
the substituents is two, the respective substituents may be the
same or different.

Examples of the “substituent” of the “mercapto group
optionally having a substituent™ for R* include the aforemen-
tioned substituent group B. The mercapto group may be oxi-
dized by 1 or 2 oxygens.

Examples of the substituent of the “nitrogen-containing
heterocycle optionally having substituent(s)” formed by R’
and R", together with the nitrogen atom include 1 to 5, pref-
erably 1 to 3, selected from the aforementioned substituent
group B. When the number of the above-mentioned substitu-
ents is two or more, the respective substituents may be the
same or different.

Ring B is more preferably aring represented by the formula

—R¢

AN

wherein R* is

a hydrogen atom,

a halogen atom,

a hydroxy group,

a cyano (nitrile) group,

an amino group optionally having 1 or 2 substituents selected

from the substituent group B,

a mercapto group optionally having a substituent selected

from the substituent group B (the mercapto group is option-

ally oxidized),

a C, 4 alkyl group optionally having 1 or 2 substituents

selected from the substituent group B,

a C, _, alkoxy group optionally having a substituent selected

from the substituent group B,

a 3- to 10-membered cyclic hydrocarbon group optionally

having 1 to 3 substituents selected from the substituent group

Bs

a 3- to 10-membered heterocyclic group optionally having 1

to 3 substituents selected from the substituent group B,

a carboxy group,

a C, alkoxy-carbonyl group (e.g., methoxycarbonyl,

ethoxycarbonyl, propoxycarbonyl, tert-butoxycarbonyl)

optionally having 1 to 3 substituents selected from the sub-

stituent group B, or

a group represented by the formula: —CONR'R"

wherein R' and R" are each a hydrogen atom, or R' and R"

form, together with the nitrogen atom bonded thereto, a nitro-

gen-containing heterocycle optionally having 1 to 3 substitu-

ents selected from the aforementioned substituent group B.
Ring B is more preferably a ring represented by

—R¢

AN

wherein R* is
(1) a hydrogen atom,
(2) a cyano (nitrile) group,



US 9,221,836 B2

53

(3) a C,_¢ alkyl group (e.g., methyl, ethyl, propyl, isopropyl,
butyl, isobutyl, pentyl) optionally having 1 to 3 substituents
selected from
(a) a hydroxy group,
(b) a C,_¢ alkoxy group (e.g., methoxy, ethoxy),
(c) a C, ¢ alkyl-carbonyloxy group (e.g., acetyloxy),
(d) an aromatic heterocyclic group (e.g., pyridyl, pyrazolyl,
triazolyl) optionally having 1 to 3 halogen atoms,
(e) a C4_, cycloalkyl group (e.g., cyclopropyl), and
(®) a cyclic amino group (e.g., pyrrolidinyl, piperidino, mor-
pholino, thiomorpholino, piperazinyl, imidazolidin-1-yl,
pyrazolidin-1-yl etc.) optionally having an oxo group,
(4) a 3- to 10-membered heterocyclic group (1,2,4-triazolyl,
1,3,4-oxadiazolyl, 1,2.4-oxadiazolyl, 4,5-dihydro-1,2,4-oxa-
diazolyl, tetrazolyl, tetrahydropyrimidinyl, oxazolyl, pip-
eridinyl, pyrrolidinyl, hexahydropyrimidinyl) optionally hav-
ing 1 to 3 substituents selected from a C, ¢ alkyl group and an
0X0 group,
(5) a carboxy group,
(6) a C,_¢ alkoxy-carbonyl group (e.g., methoxycarbonyl,
ethoxycarbonyl, propoxycarbonyl, tert-butoxycarbonyl)
optionally having 1 to 3 substituents selected from a nonaro-
matic heterocyclic group (e.g., dioxolyl) optionally having 1
to 3 substituents selected from a C, , alkyl group (e.g.,
methyl) and oxo group, or
(7) a group represented by the formula: —CO—NR'R"
wherein R' and R" are each a hydrogen atom, or form,
together with the nitrogen atom bonded thereto, a nitrogen-
containing heterocycle (e.g., azetidine, morpholine, pyrroli-
dine, piperidine, 7-aza-bicyclo[2.2.1heptane, homomorpho-
line, dihydrobenzoxazine (e.g., 3,4-dihydro-2H-1,4-
benzoxazine)) optionally having 1 to 3 substituents selected
from halogen atom(s) (e.g., fluorine atom).

Preferable examples of compound (I) include the follow-
ing. [Compound I-1]

A compound represented by the formula (I) wherein ring A
is a ring represented by

b
Rll R
SMX
i/ 2

Ylﬁ/N\

wherein R® and R? are each independently a hydrogen atom,
a halogen atom, an alkyl group optionally having substitu-
ent(s), an alkoxy group optionally having substituent(s) or an
acyl group (particularly preferably a hydrogen atom);

Y and Y* are each independently CH or N,

R'isa C,_,alkyl group optionally having substituent(s),
R?isaC,_,alkyl group (e.g., methyl, ethyl, propyl, isopropyl,
butyl, isobutyl, pentyl) optionally having substituent(s) other
than a substituted amino group or an acyl group (wherein
when the acyl group is —CONR'R", then R' and R" are both
hydrogen atoms or form, together with the nitrogen atom
bonded thereto, a nitrogen-containing heterocycle (e.g., mor-
pholine) optionally having substituent(s)), and

X is a C,_¢ alkyl group optionally substituted by an alkoxy
group (e.g., methoxy, ethoxy), or a salt thereof.

Here, examples of the substituent of the “C,_ alkyl group
optionally having substituent(s)” for R! include 1 to 5, pref-
erably 1 to 3, selected from the aforementioned substituent
group A.
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Examples of the substituent of the “C, , alkyl group
optionally having substituent(s)” and “C, ; alkoxy group
optionally having substituent(s)” for R or R include 1 to 5,
preferably 1 to 3, selected from the aforementioned substitu-
ent group B.

Examples of the substituent of the “C, , alkyl group
optionally having substituent(s) other than a substituted
amino group” for R? include 1 to 5, preferably 1 to 3, selected
from the aforementioned substituent group B.

Examples of the substituent of the “nitrogen-containing
heterocycle optionally having substituent(s)” formed by R’
and R" together with the nitrogen atom bonded thereto
include 1 to 5, preferably 1 to 3, selected from the aforemen-
tioned substituent group B. When the number of the above-
mentioned substituents is two or more, the respective sub-
stituents may be the same or different.

[Compound 1-2]

A compound represented by the formula (II) wherein ring

Al is a ring represented by

a R?
K X
YZ

Ylﬁ/N\

wherein R* and R are each independently a hydrogen atom,
a halogen atom, an alkyl group optionally having substitu-
ent(s), an alkoxy group optionally having substituent(s), or an
acyl group (particularly preferably a hydrogen atom);
Y! and Y? are each independently CH or N,

ring B is a ring represented by

— R4

AN

wherein R* is
a hydrogen atom,
a halogen atom,
a hydroxy group,
a cyano (nitrile) group,
an amino group optionally having substituent(s),
a mercapto group optionally having a substituent (the mer-
capto group is optionally oxidized),
an alkyl group optionally having substituent(s),
an alkoxy group optionally having substituent(s),
a 3- to 10-membered cyclic hydrocarbon group optionally
having substituent (s),
a 3- to 10-membered heterocyclic group optionally having
substituent(s), or
an acyl group,
R'isa C,_, alkyl group optionally having substituent(s),
R? is a C,_, alkoxy group optionally having substituent(s),
and
X'isa C,_¢alkylene group, or a salt thereof,
Here, examples of the substituent of the “C, _ alkyl group
optionally having substituent(s)” for R' and the “C, _ alkoxy
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group optionally having substituent(s)” for R* include 1 to 5,
preferably 1 to 3, selected from the aforementioned substitu-
ent group A.

Examples of the substituent of the “C, ¢ alkyl group
optionally having substituent(s)” and “C, ¢ alkoxy group 3
optionally having substituent(s)” for R or R? include 1 to 5,
preferably 1 to 3, selected from the aforementioned substitu-
ent group B.

Examples of the substituent of the “C, ¢ alkyl group
optionally having substituent(s)”, “C, _¢ alkoxy group option-
ally having substituent(s)”, “3-to 10-membered cyclic hydro-
carbon group optionally having substituent(s)” and “3- to
10-membered heterocyclic group optionally having substitu-
ent(s)” for R* include 1 to 5, preferably 1 to 3, selected from
the aforementioned substituent group B. When the number of
the above-mentioned substituents is two or more, the respec-
tive substituents may be the same or different.

Examples of the “substituent™ of the “amino group option-
ally having substituent(s)” for R*include 1 or 2 selected from 20
the aforementioned substituent group B. When the number of
the above-mentioned substituents is two, the respective sub-
stituents may be the same or different.

Examples of the “substituent” of the “mercapto group
optionally having a substituent” for R* include the aforemen-
tioned substituent group B. The mercapto group may be oxi-
dized by 1 or 2 oxygens.

[Compound I-3]

A compound represented by the formula (II) wherein ring

Al is a ring represented by 3
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a R®
R/ D
KX
Y2

Y\rN\

wherein R* and R? are each independently a hydrogen atom,
a halogen atom, an alkyl group optionally having substitu-
ent(s), an alkoxy group optionally having substituent(s) or an
acyl group (particularly preferably a hydrogen atom);
Y! and Y? are each independently CH or N,

ring B is a ring represented by

40
45

50

— R4
HN\/

wherein R* is

a hydrogen atom,

a halogen atom,

a hydroxy group,

a cyano (nitrile) group,

an amino group optionally having substituent(s),

a mercapto group optionally having a substituent (the mer-
capto group is optionally oxidized),

an alkyl group optionally having substituent(s) other than a 65
substituted amino group,

an alkoxy group optionally having substituent(s),
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a 3- to 10-membered cyclic hydrocarbon group optionally
having substituent(s),

a 3- to 10-membered heterocyclic group optionally having
substituent(s), or

an acyl group (wherein when the acyl group is —CONR'R",
then

R'and R" are both hydrogen atoms or form, together with the
nitrogen atom bonded thereto, a nitrogen-containing hetero-
cycle optionally having substituent(s)),

R'isa C,_4 alkyl group optionally having substituent(s),

R? is a C,_4 alkoxy group optionally having substituent(s),
and

X! isa C,_4 alkylene group, or a salt thereof.

Here, Examples of the substituent of the “C, ¢ alkyl group
optionally having substituent(s)” for R* and the “C, _ alkoxy
group optionally having substituent(s)” for R* include 1 to 5,
preferably 1 to 3, selected from the aforementioned substitu-
ent group A.

Examples of the substituent of the “C, ; alkyl group
optionally having substituent(s)” and “C,_, alkoxy group
optionally having substituent(s)” for R* or R include 1 to 5,
preferably 1 to 3, selected from the aforementioned substitu-
ent group B.

Examples of the substituent of the “C, , alkyl group
optionally having substituent(s) other than a substituted

o amino group”, “C, ,alkoxy group optionally having substitu-

ent(s)”, “3- to 10-membered cyclic hydrocarbon group
optionally having substituent(s)” and “3- to 10-membered
heterocyclic group optionally having substituent(s)” for R*
include 1 to 5, preferably 1 to 3, selected from the aforemen-
tioned substituent group B.

Examples of the substituent of the “nitrogen-containing
heterocycle optionally having substituent(s)” formed by R’
and R" together with the nitrogen atom bonded thereto
include 1 to 5, preferably 1 to 3, selected from the aforemen-
tioned substituent group B. When the number of the above-
mentioned substituents is two or more, the respective sub-
stituents may be the same or different.

Examples of the “substituent” of the “amino group option-
ally having substituent(s)” for R* include 1 or 2 selected from
the aforementioned substituent group B. When the number of
the above-mentioned substituents is two, the respective sub-
stituents may be the same or different.

Examples of the “substituent” of the “mercapto group
optionally having a substituent™ for R* include the aforemen-
tioned substituent group B. The mercapto group may be oxi-
dized by 1 or 2 oxygens.

[Compound 1-4]

A compound represented by the formula (II) wherein ring
Al is aring represented by any one of

/ \\ N R
\ YZ
—_— N
Yl\ N\ N
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-continued
R? R®
z” SN
Y\ N\

wherein R* and R? are each independently a hydrogen atom,
a halogen atom (e.g., fluorine atom, chlorine atom), a C, ¢
alkoxy group (e.g., methoxy), or C, 4 alkoxy-carbonyl group
(e.g., methoxycarbonyl) (particularly preferably a hydrogen
atom);
R€ is a hydrogen atom, or —O;
Y*' and Y? are each independently CH or N;
Zis S,

ring B is a ring represented by

— R4

AN

wherein R* is

(1) a hydrogen atom,

(2) a cyano (nitrile) group,

(3) a C,_¢ alkyl group (e.g., methyl, ethyl, propyl, isopropyl,
butyl, isobutyl, pentyl) optionally having 1 to 3 substituents
selected from

(a) a hydroxy group,

(b) a C,_¢ alkoxy group (e.g., methoxy, ethoxy),

(c) a C, ¢ alkyl-carbonyloxy group (e.g., acetyloxy),

(d) an aromatic heterocyclic group (e.g., pyridyl, pyrazolyl,
triazolyl) optionally having 1 to 3 halogen atoms,

(e) a C4_, cycloalkyl group (e.g., cyclopropyl), and

(®) a cyclic amino group (e.g., pyrrolidinyl, piperidino, mor-
pholino, thiomorpholino, piperazinyl, imidazolidin-1-yl,
pyrazolidin-1-yl etc.) optionally having an oxo group,

(4) a 3- to 10-membered heterocyclic group (1,2,4-triazolyl,
1,3,4-oxadiazolyl, 1,2.4-oxadiazolyl, 4,5-dihydro-1,2,4-oxa-
diazolyl, tetrazolyl, tetrahydropyrimidinyl, oxazolyl, pip-
eridinyl, pyrrolidinyl, hexahydropyrimidinyl) optionally hav-
ing 1 to 3 substituents selected from a C, ¢ alkyl group and an
0X0 group,

(5) a carboxy group,

(6) a C,_¢ alkoxy-carbonyl group (e.g., methoxycarbonyl,
ethoxycarbonyl, propoxycarbonyl, tert-butoxycarbonyl)
optionally having 1 to 3 substituents selected from a nonaro-
matic heterocyclic group (e.g., dioxolyl) optionally having 1
to 3 substituents selected from a C, , alkyl group (e.g.,
methyl) and oxo group or

(7) a group represented by the formula: —CO—NR'R"
wherein R' and R" are each a hydrogen atom, or

R' and R" form, together with the nitrogen atom bonded
thereto, a nitrogen-containing heterocycle (e.g., azetidine,
morpholine, pyrrolidine, piperidine, 7-aza-bicyclo[2.2.1]
heptane, homomorpholine, dihydrobenzoxazin (e.g., 3,4-di-
hydro-2H-1,4-benzoxazin)) optionally having 1 to 3 substitu-
ents selected from halogen atom(s) (e.g., fluorine atom),

R? is a C,_g alkoxy group (e.g., methoxy, ethoxy) optionally
substituted by a C,_ alkoxy group (e.g., methoxy, ethoxy) or
a halogen atom (e.g., fluorine atom), a C,_ alkylthio group
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(e.g., methylthio), a C;_,, cycloalkyl group (e.g., cyclopro-
pyl) optionally substituted by a C, ¢ alkyl group (e.g.,
methyl), an aryl group (e.g., phenyl) or a heteroaryl group
(e.g., thienyl, thiazolyl, pyridyl, pyrazolyl, imidazolyl, 1,3,4-
oxadiazolyl, 1,2,4-oxadiazolyl) optionally substituted by a
C,_¢ alkyl group (e.g., methyl), and
X! is a C,_4 alkylene group (e.g., methylene, ethylene, trim-
ethylene, tetramethylene), or a salt thereof.
[Compound I-5]

A compound represented by the formula (I) wherein ring A
is a pyrimidine optionally having substituent(s), a pyrrole
optionally having substituent(s), an imidazole optionally hav-
ing substituent(s), a pyrazole optionally having substituent(s)
or a triazole (e.g., 1,2,3-triazole, 1,2,4-triazole) optionally
having substituent(s),

R?is

(1) a C,_¢ alkyl group (e.g., methyl, ethyl, propyl, isopropyl,
butyl, isobutyl, pentyl) optionally having 1 to 3 substituents
selected from

(a) a hydroxy group,

(b) a halogen atom (e.g., fluorine atom),

(c) a C, _, alkoxy group (e.g., methoxy, ethoxy),

(d) a C,_, alkyl-carbonyloxy group (e.g., acetyloxy),

(e) an aromatic heterocyclic group (e.g., pyridyl) optionally
having 1 to 3 halogen atoms,

(®) a C5_,, cycloalkyl group (e.g., cyclopropyl), and

(g) a cyclic amino group (e.g., pyrrolidinyl, piperidino, mor-
pholino, thiomorpholino, piperazinyl, imidazolidin-1-yl,
pyrazolidin-1-yl etc.) optionally having an oxo group,

(2) a 3- to 10-membered heterocyclic group (1,2,4-triazolyl,
1,3,4-oxadiazolyl, 1,2.4-oxadiazolyl, 4,5-dihydro-1,2,4-oxa-
diazolyl, tetrazolyl, tetrahydropyrimidinyl, oxazolyl, pip-
eridinyl, pyrrolidinyl, hexahydropyrimidinyl) optionally hav-
ing 1 to 3 substituents selected from a C,_¢ alkyl group and an
0X0 group,

(3) a carboxy group,

(4) a C, ¢ alkoxy-carbonyl group (e.g., methoxycarbonyl,
ethoxycarbonyl, propoxycarbonyl, tert-butoxycarbonyl)
optionally having 1 to 3 substituents selected from a nonaro-
matic heterocyclic group (e.g., dioxolyl) optionally having 1
to 3 substituents selected from a C, , alkyl group (e.g.,
methyl) and oxo group,

(5) a C, ¢ alkyl-carbonyl group (e.g., acetyl), or

(6) a group represented by the formula: —CO—NR'R"
wherein R' and R" are each a hydrogen atom, or

R' and R" form, together with the nitrogen atom bonded
thereto, a nitrogen-containing heterocycle (e.g., azetidine,
morpholine, pyrrolidine, piperidine, 7-aza-bicyclo[2.2.1]
heptane, homomorpholine, dihydrobenzoxazin (e.g., 3,4-di-
hydro-2H-1,4-benzoxazin)) optionally having 1 to 3 substitu-
ents selected from halogen atom(s) (e.g., fluorine atom),
R'is a C,_4alkyl group (e.g., isobutyl), and

Xis

(1) a hydrogen atom;

(2) a C,_¢ alkyl group (e.g., methyl, ethyl, propyl, isopropyl,
butyl, hexyl) optionally substituted by 1 to 3 substituents
selected from

(a) a halogen atom (e.g., fluorine atom),

(b) a hydroxy group,

(c) a C,_¢ alkoxy group (e.g., methoxy, ethoxy) optionally
having a C, 4 alkoxy group (e.g., methoxy) or a halogen atom
(e.g., fluorine atom),

(d) a C,_, alkylthio group (e.g., methylthio),

(e) an aryl group (e.g., phenyl),

() an aryloxy group (e.g., phenyloxy) optionally having a
C,_¢ alkoxy group (e.g., methoxy) or a halogen atom (e.g.,
fluorine atom), and
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(g) a heteroaryl group (e.g., thienyl, thiazolyl); or
(3) a C4_;, cycloalkyl group (e.g., cyclopropyl), or a salt
thereof.

Here, examples of the substituent of the “pyrimidine” of
“pyrimidine optionally having substituent(s)”, “pyrrole” of
“pyrrole optionally having substituent(s)”, “imidazole” of
“imidazole optionally having substituent(s)”, “pyrazole” of
“pyrazole optionally having substituent(s)” and “triazole” of
“triazole optionally having substituent(s)” for ring A include
1 to 3 selected from the aforementioned substituent group A.
[Compound I-6]

A compound represented by the formula (I) wherein

R'isa C,_4 alkyl group optionally having substituent(s);
R? is an acyl group (wherein when the acyl group is
—CONR'R", then R' and R" are both hydrogen atoms or
form, together with the nitrogen atom bonded thereto, a nitro-
gen-containing heterocycle optionally having substituent(s));
ring A is a ring represented by the formula

b
Rll R
KX
y?2

Y\(N\

wherein R* and R? are each a hydrogen atom; and Y* and Y?
are each independently CH or N, and
XisaC, 4 alkyl group optionally substituted by a C,_ alkoxy
group, or a salt thereof.
[Compound I-7]

A compound represented by the formula (IT) wherein
R'isa C,_,alkyl group optionally having substituent(s),
R? is a C,_, alkoxy group optionally having substituent(s),
ring A' is a ring represented by the formula

R

wherein R? and R? are each a hydrogen atom; and Y* and Y?
are each independently CH or N,
X! isa C, 4 alkylene group, and

ring B is

R4

wherein R* is —CO—NR'R" wherein R' and R" are each a
hydrogen atom, or R' and R" form, together with the nitrogen
atom bonded thereto, a nitrogen-containing heterocycle
optionally having 1 to 3 substituents selected from halogen
atom(s), or a salt thereof.
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Examples of the salts of compound (I) and compound (II)
include metal salts, ammonium salts, salts with organic bases,
salts with inorganic acids, salts with organic acids, salts with
basic or acidic amino acids, and the like.

Preferable examples of the metal salt include alkali metal
salts such as sodium salt, potassium salt and the like; alkaline
earth metal salts such as calcium salt, magnesium salt, barium
salt and the like; aluminum salt and the like.

Preferable examples of the salt with organic base include a
salt with trimethylamine, triethylamine, pyridine, picoline,
2,6-lutidine, ethanolamine, diethanolamine, triethanolamine,
cyclohexylamine, dicyclohexylamine, N,N-dibenzylethyl-
enediamine or the like.

Preferable examples of the salt with inorganic acid include
a salt with hydrochloric acid, hydrobromic acid, nitric acid,
sulfuric acid, phosphoric acid or the like.

Preferable examples of the salt with organic acid include a
salt with formic acid, acetic acid, trifluoroacetic acid, phthalic
acid, fumaric acid, oxalic acid, tartaric acid, maleic acid,
citric acid, succinic acid, malic acid, methanesulfonic acid,
benzenesulfonic acid, p-toluenesulfonic acid or the like.

Preferable examples of the salt with basic amino acid
include a salt with arginine, lysine, ornithine or the like.

Preferable examples of the salt with acidic amino acid
include a salt with aspartic acid, glutamic acid or the like.

Of these, a pharmaceutically acceptable salt is preferable.
When the compound has an acidic functional group,
examples thereof include inorganic salts such as alkali metal
salts (e.g., sodium salt, potassium salt, etc.), alkaline earth
metal salts (e.g., calcium salt, magnesium salt, barium salt,
etc.) and the like, ammonium salts, and the like. When the
compound has a basic functional group, examples thereof
include salts with inorganic acids such as hydrochloric acid,
hydrobromic acid, nitric acid, sulfuric acid, phosphoric acid
and the like, and salts with organic acids such as acetic acid,
phthalic acid, fumaric acid, oxalic acid, tartaric acid, maleic
acid, citric acid, succinic acid, methanesulfonic acid, p-tolu-
enesulfonic acid and the like.

The production methods of compound (I) and compound
(II) are shown in the following.

Compound (I) compound (IT) are obtained by, for example,
methods shown in the following reaction schemes or a
method analogous thereto, or the like.

Each of compounds (II)-(XXXXI) shown in the reaction
schemes may form a salt. Examples of the salt include salts
similar to the salts of compound (I) and compound (II).

The compound obtained in each step can also be used for
the next reaction directly as the reaction mixture or as a crude
product. In addition, it can also be isolated from the reaction
mixture according to a conventional method, and can be
isolated and purified by a known method such as phase trans-
fer, concentration, solvent extraction, fractional distillation,
pH conversion, crystallization, recrystallization, chromatog-
raphy and the like.

The reaction schemes thereof are shown in the following.

Each symbol of the compounds in the schemes is as defined
above. RisaC,_, alkyl group, E is a carboxyl group, an alkali
metal salt of carboxyl group, a chlorocarbonyl group, an acid
anhydride, a trichloromethyl group, a trichloromethylcarbo-
nyl group or an ester group, Q is a hydrogen atom or an alkali
metal atom, W is a hydrogen atom or any substituent, V is a
hydrogen atom, an alkyl group or an alkali metal atom, LG is
aleaving group (e.g., chloro group, bromo group, iodo group,
methanesulfonate group etc.) or a hydroxyl group, and PG is
an N-protecting group (e.g., benzyl group, tert-butoxycarbo-
nyl group, benzyloxycarbonyl group etc.).
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Reaction 1

Rl
~ NH

B
N

av
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@ R’
x!

deprotection

Z
o

)YI
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Rl

x!
~

N

e}

)YI
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Compound (V) can be produced by a condensation reac-
tion of compound (III) and compound (IV).

Compound (IIT) can be produced according to a method
known per se, for example, the method described in Bioor-
ganic and Medicinal Chemistry (Bioorg. Med. Chem.), 2001,
vol. 9, page 1045-1057 and the like, or a method analogous
thereto.

Compound (IV) may be a commercially available product,
or can be produced according to a method known per se, for
example, the method described in Bioorganic and Medicinal
Chemistry Letters (Bioorg. Med. Chem. Lett.), 2005, vol. 15,
page 833-838 or EP1757582 and the like, or a method analo-
gous thereto.

When E is a carboxyl group, the condensation reaction is
performed according to a conventional peptide synthesis
technique, for example, an acid chloride method, an acid
anhydride method, a mixed anhydride method, a method of
using N,N'-dicyclohexylcarbodiimide (DCC), an active ester
method, a method of using N,N'-carbonyldiimidazole (CDI),
amethod of using diethyl cyanophosphate (DEPC), a method
of using N-ethyl-N'-(3-dimethylaminopropyl)carbodiimide
hydrochloride (WSC.HCI) and 1-hydroxybenzotriazole
(HOBY), or the like. Compound (IV) is used in a proportion of
about 1 to 2 mol, preferably about 1.0 to 1.1 mol, per 1 mol of
compound (IIT). The reagent used in the above-mentioned
method is used in a proportion of about 1 mol to large excess,
preferably about 1.1 to 5 mol, per 1 mol of compound (III).
The reaction temperature is generally —10 to 80° C., prefer-
ably 0 to 30° C.
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When E is an alkali metal salt of a carboxyl group, the
condensation reaction is advantageously performed accord-
ing to a method using WSC.HC1 and HOBt. Compound (IV)
is used in an amount of about 1 to 2 mol, preferably about 1.0
to 1.1 mol, per 1 mol of compound (III). WSC.HCl is used in
anamount of about 1 to 4 mol, preferably about 1.5t0 2.5 mol,
per 1 mol of compound (IIT). HOBt is used in an amount of
about 1 to 8 mol, preferably about 2.5 to 5.0 mol, per 1 mol of
compound (IIT). The reaction temperature is generally -10 to
100° C., preferably 40 to 70° C.

In both cases, the condensation reaction is preferably per-
formed in a solvent. Examples of the usable solvent include
halogenated hydrocarbons such as dichloromethane, chloro-
form, carbon tetrachloride, 1,2-dichloroethane and the like,
ethers such as diethyl ether, tetrahydrofuran, dioxane and the
like, amides such as N,N-dimethylformamide, N,N-dimethy-
lacetamide and the like, dimethyl sulfoxide, pyridine, aceto-
nitrile and a mixed solvent thereof.

While the reaction time varies depending on the reagent or
solvent to be used, it is generally 30 min to 3 days, preferably
30 min to 15 hr.

Compound (V) can also be produced by further carrying
out the above-mentioned reaction in combination with one or
more of known hydrolysis reaction, acylation reaction, alky-
lation reaction, amination reaction, oxidation-reduction reac-
tion, cyclization reaction, carbon chain extension reaction,
substituent exchange reaction and the like, as desired.

Compound (IT) can be produced by removing the N-pro-
tecting group PG of compound (V). In addition, in each of the
aforementioned reactions, when the starting compound has
an amino group, a carboxyl group or a hydroxy group as a
substituent, a protecting group generally used in peptide
chemistry and the like may be introduced into these groups.
By removing the protecting group as necessary after the reac-
tion, the objective compound can be obtained. Introduction or
removal of these protective groups may be carried out accord-
ing to a method known per se, for example, the method
disclosed in Theodora W. Greene and Peter G. M. Wuts,
“Protective Groups in Organic Synthesis, 3" Ed.”, Wiley-
Interscience (1999), or the like.

Examples of the amino-protecting group include formyl
group; C, ¢ alkyl-carbonyl group, phenylcarbonyl group,
C,_¢ alkoxy-carbonyl group, allyloxycarbonyl (Alloc) group,
phenyloxycarbonyl group, fluorenylmethyloxycarbonyl
(Fmoc) group, C,_, , aralkyl-carbonyl group (e.g., benzylcar-
bonyl etc.), C,_,, aralkyloxy-carbonyl group (e.g., benzy-
loxycarbonyl (Cbz) etc.), C,_,, aralkyl group (e.g., benzyl
etc.), trityl group, phthaloyl group, dithiasuccinyl group,
N,N-dimethylaminomethylene group, each of which option-
ally has substituent(s) and the like. Examples of the substitu-
ent include phenyl group, halogen atom, C,_¢ alkyl-carbonyl
group, C, ¢ alkoxy group (e.g., methoxy, ethoxy, trifluo-
romethoxy etc.) optionally substituted by halogen atom, nitro
group and the like, and the number of the substituents is 1 to
3.

Examples of the protecting group for carboxyl group
include C, ¢ alkyl group, allyl group, benzyl group, phenyl
group, trityl group, trialkylsilyl group, each of which option-
ally has substituent(s), and the like. Examples of the substitu-
entinclude halogen atom, a formyl group, C, ¢ alkyl-carbonyl
group, C, , alkoxy group (e.g., methoxy, ethoxy, trifluo-
romethoxy etc.) optionally substituted by halogen atom, nitro
group and the like, and the number of the substituents is 1 to
3.

Examples of the protecting group for hydroxy group
include C, ¢ alkyl group, C,_,, aralkyl group (e.g., benzyl,
trityl etc.), a formyl group, C,_ alkyl-carbonyl group, ben-



US 9,221,836 B2

63

zoyl group, C,_,, aralkyl-carbonyl group (e.g., benzylcarbo-
nyl etc.), 2-tetrahydropyranyl group, tetrahydrofuranyl
group, trialkylsilyl group (e.g., trimethylsilyl, tert-butyldim-
ethylsilyl, diisopropylethylsilyl etc.), each of which option-
ally has substituent(s), and the like. Examples of the substitu-
ent include halogen atom, C, 4 alkyl group, phenyl group,
C, o aralkyl group (e.g., benzyl etc.), C, 4 alkoxy group,
nitro group and the like, and the number of the substituents is
1to 4.

When compound (I1) is obtained as a free compound, it can
be converted to an object salt by a method known per se or a
method analogous thereto, and when it is obtained as a salt, it
can be converted to a free form or other object salt by a
method known per se or a method analogous thereto.

Reaction 2

PG
av)

condensation
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(V)
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Compound (VII) can be produced by a reaction of com-
pound (VI) with compound (IV).

Compound (VI) may be a commercially available product,
or can be produced according to a method known per se, for
example, the method described in Journal of Organic Chem-
istry (J. Org. Chem.), 2002, vol. 67, page 9276-9287 and the
like, or a method analogous thereto.

The condensation reaction of compound (VI) and com-
pound (IV) can be performed under the conditions of the
method used for the aforementioned production of compound
V).
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Compound (V) can be produced from compound (VII).

The reaction from compound (VII) to compound (V) can
be performed according to a method known per se, for
example, the method described in Bioorganic and Medicinal
Chemistry Letters (Bioorg. Med. Chem. Lett.), 2000, vol. 10,
page 957-961 or Journal of Medicinal Chemistry (J. Med.
Chem.), 1996, vol. 39, page 2856-2859 and the like, or a
method analogous thereto.

Compound (V) can also be produced by further performing
the above-mentioned reaction in combination with one or
more of known hydrolysis, acylation reaction, alkylation
reaction, amination reaction, oxidation reduction reaction,
cyclization reaction, carbon chain extension reaction, sub-
stituent exchange reaction and the like, as desired.

Reaction 3
Rl
SNm
ln ——
B
N
G~
(Iv)
v
O O @
Rl\ H,N NH,
N 0
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| n
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N
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(VIID)
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N NH
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LG R
R XD
I n
B
N
G~
X)
( AZ ‘)
N N R?
I A
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| n
B
N
G~

(XI1)
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-continued
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This method is used for the production of compound (II)
wherein ring A' is a fused imidazole ring.

Compound (VIII) can be produced from compound (IV).

Compound (VIII) can be produced using compound (IV)
and according to a known method, for example, the method
described in Tetrahedron, 1993, vol. 49, page 4015-4034 and
the like, or a method analogous thereto.

Compound (IX) may be a commercially available product,
or can be produced according to a method known per se, for
example, the method described in Journal of Medicinal
Chemistry (J. Med. Chem.), 1995, vol. 38, page 4906-4916 or
Journal of American Chemical Society (J. Am. Chem. Soc.),
2006, vol. 128, page 8569-8574 or Bioorganic and Medicinal
Chemistry (Bio. Med. Chem.), 1998, vol. 6, page 163-172
and the like or a method analogous thereto.

Compound (X) can be produced from compound (VIII)
and compound (IX) according to a known method, for
example, the method described in Journal of Chemical Soci-
ety Perkin transaction 2 (J. Chem. Soc. Perkin Trans. 2), 2001,
page 1817-1823 or Bioorganic and Medicinal Chemistry Let-
ters (Bioorg. Med. Chem. Lett.), 2006, vol. 16, page 4638-
4640, and the like, or a method analogous thereto.

When LG is a substitutable leaving group, compound (XI)
may be a commercially available product, or can be produced
according to a method known per se, for example, the method
described in WO2005003122 and the like, or a method analo-
gous thereto.

When LG is a hydroxyl group, compound (XI) may be a
commercially available product, or can be produced accord-
ing to a method known per se, for example, the method
described in WO2005003122 and the like, or a method analo-
gous thereto.

Compound (XII) can be produced from compound (X) and
compound (XI) according to a known method, for example,
the method described in EP1479676 or Bioorganic and
Medicinal Chemistry Letters (Bioorg. Med. Chem. Lett.),
2006, vol. 16, page 4638-4640 or Bioorganic and Medicinal
Chemistry Letters (Bioorg. Med. Chem. Lett.), 1997, vol. 7,
page 2819-2824, and the like, or a method analogous thereto.

Compound (XII) can also be produced by further perform-
ing the above-mentioned reaction in combination with one or
more of known hydrolysis, acylation reaction, alkylation
reaction, amination reaction, oxidation reduction reaction,
cyclization reaction, carbon chain extension reaction, sub-
stituent exchange reaction and the like, as desired.

Compound (II) can be produced by removing N-protecting
group PG from compound (XII). In each of the above-men-
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tioned reactions, when the starting compound has an amino
group, a carboxyl group or a hydroxyl group as a substituent,
these groups may be protected with a protecting group gen-
erally used in peptide chemistry and the like. In this case, the
object compound can be obtained by removing the protecting
group as necessary after the reaction. These protecting groups
can be introduced or removed according to a method known
per se, for example, the method described in Theodora W.
Greene and Peter G. M. Wuts, “Protective Groups in Organic
Synthesis, 3¢ Ed.”, Wiley-Interscience (1999) and the like.

When compound (1) is obtained as a free compound, it can
be converted to an object salt by a method known per se or a
method analogous thereto, and when it is obtained as a salt, it
can be converted to a free form or other object salt by a
method known per se or a method analogous thereto.

Reaction 4
|
— R3
{
R N HN—X
~ N (0]
(XI1II)
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Compound (XII) can also be produced from compound
(VIII) and compound (XIII).

Compound (XIII) may be a commercially available prod-
uct, or can be produced according to a method known per se,
for example, the method described in Heterocycles (Hetero-
cycles), 1998, vol. 48, page 1347-1364 and the like, or a
method analogous thereto.

The reaction to produce compound (XII) from compound
(VIII) and compound (XIII) can be performed under the
conditions employed for the production of compound (X).

Compound (XII) can also be produced by further perform-
ing the above-mentioned reaction in combination with one or
more of known hydrolysis, acylation reaction, alkylation
reaction, amination reaction, oxidation reduction reaction,
cyclization reaction, carbon chain extension reaction, sub-
stituent exchange reaction and the like, as desired.
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Compound (XIV) can be produced using compound (IX)
and according to a known method, for example, the method
described in Journal of Medicinal Chemistry (J. Med.
Chem.), 2005, vol. 48, page 8289-8298 and the like or a
method analogous thereto.

Compound (X) can be produced from compound (XIV)
and compound (IV) according to a known method, for
example, the method described in Journal of Medicinal
Chemistry (J. Med. Chem.), 2005, vol. 48, page 8289-8298
page and the like or a method analogous thereto.

Compound (X) can also be produced by performing the
above-mentioned reaction in combination with one or more
of known hydrolysis, acylation reaction, alkylation reaction,
amination reaction, oxidation reduction reaction, cyclization
reaction, carbon chain extension reaction, substituent
exchange reaction and the like, as desired.

Reaction 6
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-continued

N N R?

I B
Rl
N 0
|n
B
N
¢~

(XII)

Compound (XV) can be produced using compound (XIII)
and according to a known method, for example, the method
described in Journal of Medicinal Chemistry (J. Med.
Chem.), 2005, vol. 48, page 8289-8298 and the like or a
method analogous thereto.

Compound (XII) can be produced from compound (XV)
and compound (IV) according to a known method, for
example, the method described in Journal of Medicinal
Chemistry (J. Med. Chem.), 2005, vol. 48, page 8289-8298
and the like or a method analogous thereto.

Compound (XII) can also be produced by further perform-
ing the above-mentioned reaction in combination with one or
more of known hydrolysis, acylation reaction, alkylation
reaction, amination reaction, oxidation reduction reaction,
cyclization reaction, carbon chain extension reaction, sub-
stituent exchange reaction and the like, as desired.

Reaction 7
R!
~ NH
)YI
A2 B
N
— pG”
N, NH 1\%
A av .
condensation
Q
\O ¢]
XV)
A2
N NH
I
Rl
~ N (0]
)YI
B
N
pG”
&

Compound (XV) may be a commercially available prod-
uct, or can be produced according to a method known per se,
for example, the method described in Heterocycles (Hetero-
cycles), 2006, vol. 67, page 769-775 and the like, or a method
analogous thereto.
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Compound (X) can be produced from compound (XV) and
compound (IV) according to a known method, for example,
the method described in Bioorganic and Medicinal Chemistry
Letters (Bioorg. Med. Chem. Lett.), 1997, vol. 7, page 1863-
1868, and the like, or a method analogous thereto.

Compound (X) can also be produced by performing the
above-mentioned reaction in combination with one or more
of known hydrolysis, acylation reaction, alkylation reaction,
amination reaction, oxidation reduction reaction, cyclization
reaction, carbon chain extension reaction, substituent
exchange reaction and the like, as desired.

Reaction 8

A2

N N 3 (IV)

I b R
Q
o 0

(XVII)

condensation

A2

N N R?

I h
Rl
Sy 0
|n
B
N
pG”~

(XII)

Compound (XVI) may be a commercially available prod-
uct, or can be produced according to a method known per se,
for example, the method described in Journal of Organic
Chemistry (J. Org. Chem.), 2002, vol. 69, page 2626-2629
and the like, or a method analogous thereto.

Compound (XVII) can be produced from compound (XVI)
and compound (XI) according to a known method, for
example, the method described in EP1479676 or Bioorganic
and Medicinal Chemistry Letters (Bioorg. Med. Chem. Lett.),
2006, vol. 16, page 4638-4640 or Bioorganic and Medicinal
Chemistry Letters (Bioorg. Med. Chem. Lett.), 1997, vol. 7,
page 2819-2824, and the like or a method analogous thereto.

Compound (XVIII) can be produced by subjecting com-
pound (XVII) to known hydrolysis, for example, alkali
hydrolysis or acid hydrolysis.

Compound (XII) can be produced from compound (X VIII)
and compound (IV) according to a known method, for
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example, the method described in Bioorganic and Medicinal
Chemistry Letters (Bioorg. Med. Chem. Lett.), 1997, vol. 7,
page 1863-1868, and the like or a method analogous there-
to.

Compound (XII) can also be produced by further perform-
ing the above-mentioned reaction in combination with one or
more of known hydrolysis, acylation reaction, alkylation
reaction, amination reaction, oxidation reduction reaction,
cyclization reaction, carbon chain extension reaction, sub-
stituent exchange reaction and the like, as desired.

Reaction 9
R
0 0
B —
N~ N
0
(XTX)
R
0 0
.
B
PG~ N O\R
0
XX)
0 OH 0 OH
+
B B
pG” N O\R pG” N ']r O\R
0 0
(XXD) (XXID)
0 OH
B S
pc” N O\R
0
(XXD) or (XXID)
NH,
B .
G~ N O\R
0

(XXIIT)
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N O
G~ SR
O
(XXIV)

This method is used for the production of a compound
wherein compound (IV) is a structure shown by compound
XX1IV).

Compound (XIX) can be produced according to a method
known per se, for example, U.S. Pat. No. 6,018,046 etc. or a
method analogous thereto.

Compounds (XX), (XXI) and (XXII) can be each produced
by subjecting compound (XIX) to a known reduction reac-
tion, for example, a hydrogenation reaction in the presence of
a metal catalyst and the like, and then introducing a PG group
(a protecting group) by known reactions.

The hydrogenation reaction and the subsequent introduc-
tion of the protecting group (PG group) can be performed
according to a known method, for example, the method
described in Tetrahedron Letters (Tetrahedron Lett.), 1994,
vol. 35, page 4515-4518 or Tetrahedron: Asymmetry (Tetra-
hedron: Asymmetry.), 2003, vol. 14, page 1541-1545 or Tet-
rahedron Letters (Tetrahedron Lett.), 2003, vol. 44, page
1611-1614 and the like, or a method analogous thereto.

The hydrogenation reaction is more advantageously per-
formed under acidic conditions. Preferable examples of the
acid for this step include mineral acids such as mineral acid,
hydrochloric acid and the like, organic acids such as acetic
acid and the like, and the like. The amount of the acid to be
used is about 1 mol to large excess per 1 mol of compound
XIX).

As the metal catalyst used for the hydrogenation reaction,
for example, rhodium carbon, platinum oxide, palladium car-
bon, rhodium-platinum oxide alloy and the like are prefer-
able. The amount of the catalyst to be used is about 0.01 g to
1 g, preferably about 0.05 g to 0.3 g, per 1 g of compound
XIX).

The hydrogenation reaction is advantageously performed
using a solvent inert to the reaction. The solvent is not par-
ticularly limited as long as the reaction proceeds, for example,
organic acid such as acetic acid and the like, mineral acid such
as hydrochloric acid and the like, alcohols such as methanol,
ethanol, propanol and the like, hydrocarbons such as benzene,
toluene, cyclohexane, hexane and the like, ethers such as
diethyl ether, tetrahydrofuran, dioxane and the like, esters
such as ethyl acetate and the like, highly-polar solvent such as
N,N-dimethylformamide or N-methylpyrrolidone and the
like or a mixed solvent thereof and the like are preferable.

While the reaction time varies depending on the reagents
and solvents to be used, it is generally 30 min to 60 hr,
preferably 30 min to 30 hr.

The reaction temperature is generally 0 to 150° C., prefer-
ably 20 to 70° C.

After the reduction reaction, the reaction mixture is neu-
tralized by adding an inorganic base (e.g., sodium hydroxide,
potassium carbonate etc.), an organic base (e.g., triethy-
lamine etc.) and the like and concentrated or, the reaction
mixture is directly concentrated and the concentrate is neu-
tralized by adding an inorganic base (e.g., sodium hydroxide,
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potassium carbonate etc.), an organic base (e.g., triethy-
lamine etc.) and the like, and the protecting group (PG group)
is introduced thereinto to give compounds (XX), (XXI) and
(XXII). The protecting group (PG group) can be introduced
according to a method known per se, for example, the method
described in Theodora W. Greene and Peter G. M. Wuts,
“Protective Groups in Organic Synthesis, 3" Ed.”, Wiley-
Interscience (1999), and the like.

Compounds (XX), (XXI) and (XXII) can be isolated from
the mixture of compounds (XX), (XXI) and (XXII), respec-
tively, by a known purification method, for example, silica gel
column chromatography, recrystallization, high-pressure lig-
uid chromatography and the like.

Compound (XXI) can also be produced according to a
method known per se, for example, the method described in
WO97/18813 and the like, or a method analogous thereto.

Compound (XXIII) can be produced by a rearrangement
reaction (e.g., Curtius rearrangement and the like) of com-
pound (XXI) or compound (XXII).

Compound (XXIII) can be produced according to a method
known per se, for example, the method described in U.S. Pat.
No. 5,817,678 and the like, or a method analogous thereto.

Compound (XXIV) can be produced by a reaction to intro-
duce substituent R' into the amino group of compound
(XXIII) (e.g., reductive alkylation).

Compound (XXIV) can be produced according to a known
method, for example, Bioorganic and Medicinal Chemistry
Letters (Bioorg. Med. Chem. Lett.), 2005, vol. 15, page 833-
838 or a method analogous thereto.

Reaction 10
O, OH
B optical resolution
—_—
N O
pG” SR
e}
(XXT)
O, OH
N7
B
N e, O
:,,,1 I/ ~r
¢}
XXVD

0 ou
B +
N 0
¢~ SR ¢~
0
XXV)
0 on
B —_—
N o
pG” SR
0

XXV)
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This method is used for the production of a compound
wherein compound (IV) is a structure shown by compound
(XXVII).

Compound (XXV) can be separated from compound
(XXI), which is a mixture of compounds (XX V) and (XXVI),
by a known purification method, for example, diastereomer
salt method, optically active column chromatography and the
like.

Compound (XXV) can also be produced according to a
method known per se, for example, the method described in
Tetrahedron Letters, 2003, vol. 44, page 1611-1614 and the
like, or a method analogous thereto.

Compound (XXVII) can be produced by a rearrangement
reaction (e.g., Curtius rearrangement and the like) of com-
pound (XXV).

Compound (XXVII) can be produced according to a
known method, for example, the method described in Tetra-
hedron Letters, 2003, vol. 44, page 1611-1614 and the like, or
a method analogous thereto.

Compound (XXVIII) can be produced by a reaction to
introduce substituent R* into the amino group of compound
(XXVII) (e.g., reductive alkylation).

Compound (XXVIII) can be produced according to a
known method, for example, Bioorganic and Medicinal
Chemistry Letters (Bioorg. Med. Chem. Lett.), 2005, vol. 15,
page 833-838 or a method analogous thereto.

Reaction 11
OH

OH

(XXIX) XXV)

Compound (XXIX) can also be produced according to a
method known per se, for example, the method described in
Tetrahedron Letters, 2003, vol. 44, page 1611-1614 and the
like, or a method analogous thereto.

Compound (XXV) can be produced by a known asymmet-
ric esterification reaction and using compound (XXIX).
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Compound (XXV) can also be produced according to a
known method, for example, the method described in Journal
of American Chemical Society (J. Am. Chem. Soc.), 2000,
vol. 122, page 9542-9543 and the like or a method analogous
thereto.

Reaction 12

R!
NH

RZ
XXX)

condensation
©
/(\ )
Rl
~ N (0]
I@\
pG”~ R?

XXXD)

@
/(\ X
Rl
B —— ~ (6]
deprotection
RZ
@

N
HQ

Compound (XXXI) can be produced by a condensation
reaction of compound (XXIX) and compound (XXX).

Compound (XXIX) can be produced according to a
method known per se, for example, the method described in
Bioorganic and Medicinal Chemistry (Bioorg. Med. Chem.),
2001, vol. 9, page 1045-1057 and the like or Journal of
Medicinal Chemistry (J. Med. Chem.), 1995, vol. 38, page
86-97 or Organic and Biomolecular Chemistry, 2003, vol. 1,
page 2103-2110 or Chemistry of Heterocyclic Compounds
(Chemistry of Heterocyclic Compounds), 1982, vol. 18, page
758-761 or W0O2007094513 or EP1867331, or a method
analogous thereto.

Compound (XXX) may be a commercially available prod-
uct, or can be produced according to a method known per se,
for example, the method described in Bioorganic and Medici-
nal Chemistry Letters (Bioorg. Med. Chem. Lett.), 2005, vol.
15, page 833-838 or EP1757582 and the like, the method
described for the synthesis of compound (XXVIII), or a
method analogous thereto.

When E is a carboxyl group, the condensation reaction is
performed by a general method of peptide synthesis, for
example, acid chloride method, acid anhydride method,
mixed acid anhydride method, a method using N,N'-dicyclo-
hexylcarbodiimide (DCC), activity ester method, a method
using N,N'-carbonyldiimidazole (CDI), a method using
diethyl cyanophosphate (DEPC), a method using N-ethyl-N'-
(3-dimethylaminopropyl)carbodiimide hydrochloride
(WSC.HCI) and 1-hydroxybenzotriazole (HOBt) and the
like. Compound (XXX) is used in a proportion of about 1 to
2 mol, preferably about 1.0to 1.1 mol, per 1 mol of compound
(XXIX). The reagent used in the above-mentioned method is
used in a proportion of about 1 mol to large excess, preferably
about 1.1 to 5 mol, per 1 mol of compound (XXIX). The
reaction temperature is generally —10 to 80° C., preferably 0
to 30° C.
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When E is an alkali metal salt of a carboxyl group, the
condensation reaction is advantageously performed by a
method using WSC.HCI and HOBt. Compound (XXX) is
used in a proportion of about 1 to 2 mol, preferably about 1.0
to 1.1 mol, per 1 mol of compound (XXIX). WSC.HCl is used
in a proportion of about 1 to 4 mol, preferably about 1.5 t0 2.5
mol, per 1 mol of compound (XXIX). HOBt is used in a
proportion of about 1 to 8 mol, preferably about 2.5 to 5.0
mol, per 1 mol of compound (XXIX). The reaction tempera-
ture is generally —10 to 100° C., preferably 40 to 70° C.

In any case, the condensation reaction is preferably per-
formed in a solvent, and examples of the solvent include
halogenated hydrocarbons such as dichloromethane, chloro-
form, carbon tetrachloride, 1,2-dichloroethane and the like,
ethers such as diethyl ether, tetrahydrofuran, dioxane and the
like, amides such as N,N-dimethylformamide, N,N-dimethy-
lacetamide and the like, dimethyl sulfoxide, pyridine, aceto-
nitrile and a mixed solvent thereof.

While the reaction time varies depending on the reagents
and solvents to be used, it is generally 30 min to 3 days,
preferably 30 min to 15 hr.

Compound (XXXI) can also be produced by further per-
forming the above-mentioned reaction in combination with
one or more of known hydrolysis, acylation reaction, alkyla-
tion reaction, amination reaction, oxidation reduction reac-
tion, cyclization reaction, carbon chain extension reaction,
substituent exchange reaction and the like, as desired.

Compound (I) can be produced by removing N-protecting
group PG from compound (XXXI). In each of the above-
mentioned reactions, when the starting compound has an
amino group, a carboxyl group or a hydroxyl group as a
substituent, these groups may be protected with a protecting
group generally used in peptide chemistry and the like. In this
case, the object compound can be obtained by removing the
protecting group as necessary after the reaction. These pro-
tecting groups can be introduced or removed according to a
method known per se, for example, the method described in
Theodora W. Greene and Peter G. M. Wuts, “Protective
Groups in Organic Synthesis, 3™ Ed”, Wiley-Interscience
(1999) and the like, or a method analogous thereto.

As the amino-protecting group, for example, a formyl
group; C, ¢ alkyl-carbonyl group, phenylcarbonyl group,
C, ¢ alkoxy-carbonyl group, allyloxycarbonyl (Alloc) group,
phenyloxycarbonyl group, fluorenylmethyloxycarbonyl
(Fmoc) group, C,_,, aralkyl-carbonyl group (e.g., benzylcar-
bonyl and the like), C,_,, aralkyloxy-carbonyl group (e.g.,
benzyloxycarbonyl (Cbz) and the like), C,_,, aralkyl group
(e.g., benzyl and the like), trityl group, phthaloyl group, dithi-
asuccinoyl group, N,N-dimethylaminomethylene group,
each optionally having substituent(s), and the like can be
mentioned. As the substituent(s), for example, phenyl group,
ahalogen atom, C, ¢ alkyl-carbonyl group, C, _ alkoxy group
optionally substituted by halogen atom(s) (e.g., methoxy,
ethoxy, trifluoromethoxy and the like), nitro group and the
like can be used. The number of the substituents is 1 to 3.

As the carboxyl-protecting group, for example, C,_ alkyl
group, allyl group, benzyl group, phenyl group, trityl group,
trialkylsilyl group, each optionally having substituent(s), and
the like can be mentioned. As the substituent(s), for example,
a halogen atom, a formyl group, C, 4 alkyl-carbonyl group,
C, ¢ alkoxy group optionally substituted by halogen atom(s)
(e.g., methoxy, ethoxy, trifluoromethoxy and the like), nitro
group and the like can be used. The number ofthe substituents
is 1to 3.

As the hydroxy-protecting group, for example, C, 4 alkyl
group, C,_,, aralkyl group (e.g., benzyl, trityl and the like), a
formyl group, C, ¢ alkyl-carbonyl group, benzoyl group,
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C,_,, aralkyl-carbonyl group (e.g., benzylcarbonyl and the
like), 2-tetrahydropyranyl group, tetrahydrofuranyl group,
trialkylsilyl group (e.g., trimethylsilyl, tert-butyldimethylsi-
lyl, diisopropylethylsilyl and the like), each optionally having
substituent(s), and the like can be mentioned. As the substitu-
ent(s), for example, a halogen atom, C,_ alkyl group, phenyl
group, C,_,, aralkyl group (e.g., benzyl and the like), C, ¢
alkoxy group, nitro group and the like can be used. The
number of the substituents is 1 to 4.

When compound (1) is obtained as a free compound, it can
be converted to the object salt according to a method known
per se or a method analogous thereto, and when it is obtained
asasalt, it can be converted to a free compound or other object
salt according to a method known per se or a method analo-
gous thereto.

Reaction 13

R!
\NH

N
@ "
hw (XXX)

condensation

Rr2

E
VD

@
X
Rl

Q.

XXXD)

Rl — -
(XXXII)

Compound (XXXII) can be produced by reacting com-
pound (VI) with compound (XXX).

Compound (VI) may be a commercially available product,
or can be produced according to a method known per se, for
example, the method described in Journal of Organic Chem-
istry (J. Org. Chem.), 2002, vol. 67, page 9276-9287 and the
like, or a method analogous thereto.

The condensation reaction of compound (VI) and com-
pound (XXX) can be performed under the conditions
employed for the production of the aforementioned com-
pound (V).

Compound (XXXI) can be produced from compound
(XXXID.

The reaction from compound (XXXII) to compound
(XXXTI) can be performed according to a method known per
se, for example, the method described in Bioorganic and
Medicinal Chemistry Letters (Bioorg. Med. Chem. Lett.),
2000, vol. 10, page 957-961 or Journal of Medicinal Chem-
istry (J. Med. Chem.), 1996, vol. 39, page 2856-2859 and the
like or a method analogous thereto.

Compound (XXXI) can also be produced by performing
the above-mentioned reaction in combination with one or
more of known hydrolysis, acylation reaction, alkylation
reaction, amination reaction, oxidation reduction reaction,
cyclization reaction, carbon chain extension reaction, sub-
stituent exchange reaction and the like, as desired.
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N
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~ N
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6]
HN
RZ
This method can be used for the production of compound
(D) wherein ring A is a fused imidazole ring.
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Compound (XXXIII) can be produced from compound
XXX).

Compound (XXXIII) can be produced using compound
(XXX) and according to a known method, for example, the
method described in Tetrahedron (Tetrahedron), 1993, vol.
49, page 4015-4034 and the like or a method analogous
thereto.

Compound (IX) may be a commercially available product,
or can be produced according to a method known per se, for
example, the method described in Journal of Organic Chem-
istry (J. Org. Chem.), 1995, vol. 38, page 4906-4916 or Jour-
nal of American Chemical Society (J. Am. Chem. Soc.),
2006, vol. 128, page 8569-8574, or Bioorganic and Medicinal
Chemistry (Bio. Med. Chem.), 1998, vol. 6, page 163-172
and the like, or a method, analogous thereto.

Compound (XXXIV) can be produced from compound
(XXXIII) and compound (IX) according to a known method,
for example, the method described in Journal of Chemical
Society Perkin transaction 2 (J. Chem. Soc. Perkin Trans. 2),
2001, page 1817-1823 or Bioorganic and Medicinal Chem-
istry Letters (Bioorg. Med. Chem. Lett.), 2006, vol. 16, page
4638-4640, and the like or a method analogous thereto.

Compound (XXXIV) can also be produced by further per-
forming the above-mentioned reaction in combination with
one or more of known hydrolysis, acylation reaction, alkyla-
tion reaction, amination reaction, oxidation reduction reac-
tion, cyclization reaction, carbon chain extension reaction,
substituent exchange reaction and the like, as desired.

When LG is a substitutable leaving group, compound
(XXXV) may be a commercially available product, or can be
produced according to a method known per se, for example,
the method described in W0O2005003122 and the like, or a
method analogous thereto.

When LG is a hydroxyl group, compound (XXXV) may be
acommercially available product, or can be produced accord-
ing to a method known per se, for example, the method
described in W0O2005003122 and the like, or a method analo-
gous thereto.

Compound (XXXVI) can be produced from compound
(XXXIV) and compound (XXXV) according to a known
method, for example, the method described in EP1479676 or
Bioorganic and Medicinal Chemistry Letters (Bioorg. Med.
Chem. Lett.), 2006, vol. 16, page 4638-4640 or Bioorganic
and Medicinal Chemistry Letters (Bioorg. Med. Chem. Lett.),
1997, vol. 7, page 2819-2824, and the like or a method analo-
gous thereto.

Compound (XXXVI) can also be produced by further per-
forming the above-mentioned reaction in combination with
one or more of known hydrolysis, acylation reaction, alkyla-
tion reaction, amination reaction, oxidation reduction reac-
tion, cyclization reaction, carbon chain extension reaction,
substituent exchange reaction and the like, as desired.

Compound (I) can be produced by removing N-protecting
group PG from compound (XXXVI). In each of the above-
mentioned reactions, when the starting compound has an
amino group, a carboxyl group or a hydroxyl group as a
substituent, these groups may be protected with a protecting
group generally used in peptide chemistry and the like. In this
case, the object compound can be obtained by removing the
protecting group as necessary after the reaction. These pro-
tecting groups can be introduced or removed according to a
method known per se, for example, a method analogous to the
method described in Theodora W. Greene and Peter G. M.
Wauts, “Protective Groups in Organic Synthesis, 3" Ed.”,
Wiley-Interscience (1999) and the like.

When X of compound (I) is a hydrogen atom, the com-
pound can be produced by removing N-protecting group PG
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from compound (XXXIV). In each of the above-mentioned
reactions, when the starting compound has an amino group, a
carboxyl group or a hydroxyl group as a substituent, these
groups may be protected with a protecting group generally
used in peptide chemistry and the like. In this case, the object
compound can be obtained by removing the protecting group
as necessary after the reaction. These protecting groups can
be introduced or removed according to a method known per
se, for example, a method analogous to the method described
in Theodora W. Greene and Peter G. M. Wuts, “Protective
Groups in Organic Synthesis, 3’ Ed.”, Wiley-Interscience
(1999) and the like.

When compound (1) is obtained as a free compound, it can
be converted to an object salt by a method known per se or a
method analogous thereto, and when it is obtained as a salt, it
can be converted to a free form or other object salt by a
method known per se or a method analogous thereto.

Reaction 15
v
e
R\ H,N HN—X
\N 0 2
(XXXVID
N
G~ R2
(XXXII)

Na

1
LN

/N

PG R?

(XXXVI)

Compound (XXXVI) can also be produced from com-
pound (XXXIII) and compound (XXXVII).

Compound (XXXVII) may be a commercially available
product, or can be produced according to a method known per
se, for example, the method described in Heterocycles (Het-
erocycles), 1998, vol. 48, page 1347-1364 and the like, or a
method analogous thereto.

The reaction to produce compound (XXXVI) from com-
pound (XXXIII) and compound (XXXVII) can be performed
under the conditions employed for the production of com-
pound (XXXIV).

Compound (XXXVI) can also be produced by further per-
forming the above-mentioned reaction in combination with
one or more of known hydrolysis, acylation reaction, alkyla-
tion reaction, amination reaction, oxidation reduction reac-
tion, cyclization reaction, carbon chain extension reaction,
substituent exchange reaction and the like, as desired.
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Reaction 16

Rl
N =
N NH
X
(2) A N
— ¢~ R2 N 0
N NH XXX)
Y
CCl N
3 ¢~ R2
v
XIV) (XXXIV)

Compound (XXXIV) can be produced from compound
(XIV) and compound (XXX) according to a known method,
for example, the method described in Journal of Medicinal
Chemistry (J. Med. Chem.), 2005, vol. 48, page 8289-8298
and the like or a method analogous thereto.

Compound (XXXIV) can also be produced by further per-
forming the above-mentioned reaction in combination with
one or more of known hydrolysis, acylation reaction, alkyla-
tion reaction, amination reaction, oxidation reduction reac-
tion, cyclization reaction, carbon chain extension reaction,
substituent exchange reaction and the like, as desired.

Reaction 17
LN HIN—X
(XXXVII)
Rl
SNH
(%) \
A PG/ Rr2
N N XXX)
Y \X
CCly
(XXXIX)
AZ
N N
N Nx
Rl
N 0
N
pG”" R2
(XXXVD)

Compound (XXXIX) can be produced using compound
(XXXVIII) and according to a known method, for example,
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the method described in Journal of Medicinal Chemistry (J.
Med. Chem.), 2005, vol. 48, page 8289-8298 and the like or
a method analogous thereto.

Compound (XXXVI) can be produced from compound
(XXXIX) and compound (XXX) according to a known
method, for example, the method described in Journal of
Medicinal Chemistry (J. Med. Chem.), 2005, vol. 48, page
8289-8298 and the like or a method analogous thereto.

Compound (XXXVI) can also be produced by further per-
forming the above-mentioned reaction in combination with
one or more of known hydrolysis, acylation reaction, alkyla-
tion reaction, amination reaction, oxidation reduction reac-
tion, cyclization reaction, carbon chain extension reaction,
substituent exchange reaction and the like, as desired.

Reaction 18
Rl
~ NH
() X
— pG” R
Na M XXX)
condensation
Q
\O 0]
XV)

PG R?

(XXXIV)

Compound (XV) may be a commercially available prod-
uct, or can be produced according to a method known per se,
for example, the method described in Heterocycles, 2006,
vol. 67, page 769-775 and the like, or a method analogous
thereto.

Compound (XXXIV) can be produced from compound
(XV) and compound (XXX) according to a known method,
for example, the method described in Bioorganic and Medici-
nal Chemistry Letters (Bioorg. Med. Chem. Lett.), 1997, vol.
7, page 1863-1868, and the like or a method analogous
thereto.

Compound (XXXIV) can also be produced by further per-
forming the above-mentioned reaction in combination with
one or more of known hydrolysis, acylation reaction, alkyla-
tion reaction, amination reaction, oxidation reduction reac-
tion, cyclization reaction, carbon chain extension reaction,
substituent exchange reaction and the like, as desired.
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Reaction 19
O ()
— ~ X —
N, NH N, N
A XXXV) A ~ X —
R R
o o o o
(XVI) XXXX)

Rl
SNi
e 9!
- G~ R2
NIN\X (XxXX)
Q
~o 0

condensation
(XXXXTD)

(XXXVI)

Compound (XVI) may be a commercially available prod-
uct, or can be produced according to a method known per se,
for example, the method described in Journal of Organic
Chemistry (J. Org. Chem.), 2004, vol. 69, page 2626-2629
and the like, or a method analogous thereto.

Compound (XXXX) can be produced from compound
(XVI)and compound (XXXV) according to a known method,
for example, the method described in EP1479676 or Bioor-
ganic and Medicinal Chemistry Letters (Bioorg. Med. Chem.
Lett.), 2006, vol. 16, page 4638-4640 or Bioorganic and
Medicinal Chemistry Letters (Bioorg. Med. Chem. Lett.),
1997, vol. 7, page 2819-2824, and the like or a method analo-
gous thereto.

Compound (XXXXI) can be produced by a known
hydrolysis, for example, alkali hydrolysis or acid hydrolysis.

Compound (XXXVI) can be produced from compound
(XXXXI) and compound (XXX) according to a known
method, for example, the method described in Bioorganic and
Medicinal Chemistry Letters (Bioorg. Med. Chem. Lett.),
1997, vol. 7, page 1863-1868, and the like or a method analo-
gous thereto.

Compound (XXXVI) can also be produced by further per-
forming the above-mentioned reaction in combination with
one or more of known hydrolysis, acylation reaction, alkyla-
tion reaction, amination reaction, oxidation reduction reac-
tion, cyclization reaction, carbon chain extension reaction,
substituent exchange reaction and the like, as desired.

Compound (I) and compound (II) may be used as prodrugs.
A prodrug of compound (I) or compound (II) means a com-
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pound which is converted to compound (I) or compound (II)
with a reaction due to an enzyme, an gastric acid, etc. under
the physiological condition in the living body, that is a com-
pound which is converted to compound (I) or compound (II)
with oxidation, reduction, hydrolysis, etc. according to an
enzyme; a compound which is converted to compound (I) or
compound (II) by hydrolysis etc. due to gastric acid, etc.

Examples of a prodrug of compound (I) or compound (II)
include a compound wherein an amino group of compound
(D or compound (I1) is acylated, alkylated or phosphorylated
(e.g., compound wherein amino group of compound (I) or
compound (II) is eicosanoylated, alanylated, pentylami-
nocarbonylated, (5-methyl-2-ox0-1,3-dioxolen-4-yl)meth-
oxycarbonylated, tetrahydrofuranylated, pyrrolidylmethy-
lated, pivaloyloxymethylated or tert-butylated, and the like);
a compound wherein a hydroxy group of compound (I) or
compound (II) is acylated, alkylated, phosphorylated or
borated (e.g., a compound wherein a hydroxy group of com-
pound (I) or compound (II) is acetylated, palmitoylated, pro-
panoylated, pivaloylated, succinylated, fumarylated, alany-
lated or dimethylaminomethylcarbonylated, and the like); a
compound wherein a carboxyl group of compound (I) or
compound (II) is esterified or amidated (e.g., a compound
wherein a carboxyl group of compound (I) or compound (II)
is ethyl esterified, phenyl esterified, carboxymethyl esteri-
fied, dimethylaminomethyl esterified, pivaloyloxymethyl
esterified, ethoxycarbonyloxyethyl esterified, phthalidyl
esterified, (5-methyl-2-ox0-1,3-dioxolen-4-yl)methy] esteri-
fied, cyclohexyloxycarbonylethyl esterified or methylami-
dated, and the like) and the like. These compounds can be
produced from compound (I) by a method known per se.

A prodrug of compound (1) and compound (1) may also be
one which is converted into compound (I) or compound (II)
under a physiological condition, such as those described in
ITYAKUHIN no KAIHATSU (Development of Pharmaceuti-
cals), Vol. 7, Design of Molecules, p. 163-198, Published by
HIROKAWA SHOTEN (1990).

When compound (I) and compound (I) has an isomer such
as optical isomer, stereoisomer, positional isomer, rotational
isomer and the like, any isomers and a mixture thereof are
encompassed in compound (I) or compound (II). For
example, when compound (I) or compound (1) has an optical
isomer, an optical isomer resolved from a racemate is also
encompassed in compound (I) and compound (II). Such iso-
mer can be obtained as a single product by a synthesis
method, a separation method (e.g., concentration, solvent
extraction, column chromatography, recrystallization etc.),
optical resolution method (e.g., fractional recrystallization,
chiral column method, diastereomer method etc.) and the like
known per se.

Compound (I) and compound (II) may be a crystal, and
both a single crystal and crystal mixtures are encompassed in
compound (I) and compound (II). Crystals can be produced
by crystallization according to crystallization methods
known per se.

Compound (I) and compound (II) may be a solvate (e.g.,
hydrate etc.) or a non-solvate (e.g., non-hydrate etc.), both of
which are encompassed in compound (1) and compound (II).

A compound labeled with an isotope (e.g., *H, **C, *°S,
1251 and the like) and the like is also encompassed in com-
pound (I) and compound (II).

Deuterium-converted compound wherein "H has been con-
verted to 2H(D) are also encompassed in the compound (I)
and compound (II)

Compound (I) or compound (II) or its prodrug, or salts
thereof (hereinafter, sometimes to be abbreviated to as a com-
pound of the present invention) exhibit superior renin inhibi-
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tory activity. They have low toxicity (e.g., acute toxicity,
chronic toxicity, genetic toxicity, reproductive toxicity, car-
diac toxicity, drug interaction, carcinogenicity, etc.) and high
water-solubility, and are excellent in the aspects of stability,
pharmacokinetics (absorbability, distribution, metabolism,
excretion, etc.) and efficacy, thus being useful as medicine.
The compound of the present invention acts as a renin
inhibitory drug in mammals (e.g., mouse, rat, hamster, rabbit,
cat, dog, cattle, sheep, monkey, human, etc.), and is useful as
adrug inhibiting the RA system by inhibiting the biosynthesis
of All, and is useful as an agent for the prophylaxis or treat-
ment of various diseases caused by the RA system.
Examples of such diseases include hypertension (e.g.,
essential hypertension, renal vascular hypertension, reno-
parenchymal hypertension, primary aldosteronism, Cush-
ing’s syndrome etc.), blood pressure circadian rhythm abnor-
mality, heart diseases (e.g., cardiac hypertrophy, acute heart
failure, chronic heart failure including congestive heart fail-
ure, failure of expansion, cardiac myopathy, angina pectoris,
myocarditis, atrial fibrillation, arrhythmia, tachycardia, car-
diac infraction etc.), cerebrovascular disorders (e.g., asymp-
tomatic cerebrovascular disorder, transient cerebral ischemia,
cerebrovascular dementia, hypertensive encephalopathy,
cerebral infarction etc.), cerebral edema, cerebral circulatory
disorder, recurrence and sequela of cerebrovascular disorders
(e.g., neurotic symptom, psychic symptom, subjective symp-
tom, disorder in daily living activities etc.), ischemic periph-
eral circulation disorder, myocardial ischemia, venous insuf-
ficiency, progression of cardiac insufficiency after
myocardial infarction, renal diseases (e.g., nephritis, glom-
erulonephritis, glomerulosclerosis, renal failure, nephrotic
syndrome, thrombotic vasculopathy, complication of dialy-
sis, organ damage including nephropathy by radiation irra-
diation etc.), arteriosclerosis including atherosclerosis (e.g.,
aneurysm, coronary arteriosclerosis, cerebral arteriosclero-
sis, peripheral arteriosclerosis etc.), vascular hypertrophy,
vascular hypertrophy or obliteration and organ damages after
intervention (e.g., percutaneous transluminal coronary angio-
plasty, stenting, coronary angioscopy, intravascular ultra-
sound, dounce thrombolytic therapy etc.), vascular re-oblit-
eration and restenosis after bypass, polycythemia,
hypertension, organ damage and vascular hypertrophy after
transplantation, rejection after transplantation, ocular dis-
eases (e.g., glaucoma, ocular hypertension etc.), thrombosis,
multiple organ disorder, endothelial dysfunction, hyperten-
sive tinnitus, other cardiovascular diseases (e.g., deep vein
thrombosis, obstructive peripheral circulatory disorder, arte-
riosclerosis obliterans, thromboangiitis obliterans, ischemic
cerebral circulatory disorder, Raynaud’s disease, Berger dis-
ease etc.), metabolic and/or nutritional disorders (e.g., diabe-
tes, impaired glucose tolerance, insulin resistance, hyperin-
sulinemia, diabetic nephropathy, diabetic retinopathy,
diabetic neuropathy, obesity, hyperlipidemia, hypercholes-
terolemia, hyperuricacidemia, hyperkalemia, hypernatremia
etc.), metabolic syndrome, nonalcoholic steatohepatitis
(NASH), nonalcoholic fatty liver disease (NAFLD), nerve
degeneration diseases (e.g., Alzheimer’s disease, Parkinson’s
disease, Creutzfeldt-Jakob disease, multiple sclerosis, amyo-
trophic lateral sclerosis, AIDS encephalopathy etc.), central
nervous system disorders (e.g., damages such as cerebral
hemorrhage and cerebral infarction, and sequela and compli-
cation thereof, head injury, spinal injury, cerebral edema,
sensory malfunction, sensory functional disorder, autonomic
nervous system disorder, autonomic nervous system mal-
function etc.), dementia, migraine, defects of memory, disor-
der of consciousness, amnesia, anxiety symptom, catatonic
symptom, discomfort mental state, sleep disorder, agrypnia,
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sychopathies (e.g., depression, epilepsy, alcoholism etc.),
inflammatory diseases (e.g., arthritis such as rheumatoid
arthritis, osteoarthritis, rheumatoid myelitis, periostitis etc.;
inflammation after operation or injury; remission of swelling;
pharyngitis; cystitis; pneumonia; atopic dermatitis; inflam-
matory intestinal diseases such as Crohn’s disease, ulcerative
colitis etc.; meningitis; inflammatory ocular disease; inflam-
matory pulmonary disease such as pneumonia, pulmonary
silicosis, pulmonary sarcoidosis, pulmonary tuberculosis
etc.), allergic diseases (e.g., allergic rhinitis, conjunctivitis,
gastrointestinal allergy, pollinosis, anaphylaxis etc.), chronic
obstructive pulmonary disease, interstitial pneumonia, pneu-
mocytis carinni pneumonia, collagen diseases (e.g., systemic
lupus erythematodes, scleroderma, polyarteritis etc.), hepatic
diseases (e.g., hepatitis including chronic hepatitis, hepatic
cirrhosis etc.), portal hypertension, digestive system disor-
ders (e.g., gastritis, gastric ulcer, gastric cancer, gastric dis-
order after operation, dyspepsia, esophageal ulcer, pancreati-
tis, colon polyp, cholelithiasis, hemorrhoidal disease, varices
ruptures of esophagus and stomach etc.), blood and/or
myelopoietic diseases (e.g., erythrocytosis, vascular purpura,
autoimmune hemolytic anemia, disseminated intravascular
coagulation syndrome, multiple myelopathy etc.), bone dis-
eases (e.g., fracture, refracture, osteoporosis, osteomalacia,
bone Paget’s disease, sclerosing myelitis, rheumatoid arthri-
tis, joint tissue dysfunction and the like caused by osteoar-
thritis of the knee and diseases similar to these), solid tumor,
tumors (e.g., malignant melanoma, malignant lymphoma,
cancer of digestive organs (e.g., stomach, intestine etc.) etc.),
cancer and cachexia following cancer, metastasis cancer,
endocrinopathy (e.g., Addison’s disease, pheochromocytoma
etc.), urinary organ and/or male genital diseases (e.g., cystitis,
prostatic hypertrophy, prostatic cancer, sex infectious disease
etc.), female disorders (e.g., climacteric disorder, gestosis,
endometriosis, hysteromyoma, ovarian disease, breast dis-
ease, sex infectious disease etc.), disease relating to environ-
ment and occupational factors (e.g., radiation hazard, hazard
by ultraviolet, infrared or laser beam, altitude sickness etc.),
respiratory diseases (e.g., cold syndrome, pneumonia,
asthma, pulmonary hypertension, pulmonary thrombosis and
pulmonary embolism etc.), infectious diseases (e.g., viral
infectious diseases with cytomegalovirus, influenza virus,
herpes virus etc., rickettsiosis, bacterial infectious disease
etc.), toxemias (e.g., sepsis, septic shock, endotoxin shock,
Gram-negative sepsis, toxic shock syndrome etc.), otorhino-
laryngological diseases (e.g., Meniere’s syndrome, tinnitus,
dysgeusia, vertigo, disequilibrium, dysphagia etc.), skin dis-
eases (e.g., keloid, Hemangioma, psoriasis etc.), eye disease
(e.g., cataract, glaucoma etc.), intradialytic hypotension,
myasthenia gravis, systemic diseases such as chronic fatigue
syndrome and the like.

The compound of the present invention can be used in
combination with an existing hypertension therapeutic drug
such as an ACE inhibitor (captopril, enalapril maleate, alace-
pril, delapril hydrochloride, imidapril hydrochloride,
quinapril hydrochloride, cilazapril, temocapril hydrochlo-
ride, trandolapril, benazepril hydrochloride, perindopril, lisi-
nopril, etc.), ARB (losartan potassium, candesartan cilexetil,
valsartan, TAK-536, TAK-491, TAK-591, irbesartan, telmis-
artan, eprosartan, olmesartan medoxomil, etc.), an aldoster-
one receptor antagonist (spironolactone, eplerenone, etc.), a
Ca-ion channel inhibitor (verapamil hydrochloride, diltiazem
hydrochloride, nifedipine, amlodipine besilate, azelnidipine,
aranidipine, efonidipine hydrochloride, cilnidipine, nicar-
dipine hydrochloride, nisoldipine, nitrendipine, nilvadipine,
barnidipine hydrochloride, felodipine, benidipine hydrochlo-
ride, manidipine hydrochloride, etc.), diuretic (trichlormethi-
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azide, hydrochlorothiazide, benzylhydrochlorothiazide,
indapamide, tripamide, meticrane, mefruside, furosemide,
triamterene, chlorthalidon etc.), a f-blocker (propranolol
hydrochloride, atenolol, metoprolol tartrate, bisoprolol fuma-
rate, etc.), an o, -blocker (carvedilol, etc.), and the like.

Moreover, the compound of the present invention can be
also used in combination with an antithrombotic drug such as
heparin sodium, heparin calcium, warfarin calcium (War-
farin), a blood coagulation factor Xa inhibitor, drug having a
function of balance correction in the coagulation-fibrinolysis
system, an oral thrombin inhibitor (aragatroban, dabigatran,
etc.), a thrombolytic drug (tPA, urokinase, etc.), an antiplate-
let drug [aspirin, sulfinpyrazone (Anturane), dipyridamol
(Persantine), ticlopidine hydrochloride (Panaldine), clopi-
dogrel, cilostazol (Pletal), GPIIb/IIla antagonist (abciximab,
tirofiban, etc.)], and the like. Also, the compound can be used
in combination with a lipid lowering drug or a cholesterol
lowering drug. Examples thereof include a squalene synthase
inhibitor (lapaquistat acetate etc.), fibrates (clofibrate, ben-
zafibrate, gemfibrozil, etc.), nicotinic acid, its derivatives and
analogs (acipimox, probucol, etc.), a bile acid binding resin
(cholestyramine, colestipol, etc.), an omega-3 polyunsatu-
rated fatty acid (EPA (eicosapentaenoic acid), DHA (docosa-
hexaenoic acid), or a mixture thereofetc.), a compound inhib-
iting cholesterol absorption (sitosterol, neomycin, etc.), and a
squalene epoxidase inhibitor (NB-598 and its analogs, etc.).
Furthermore, other possible combination components are an
oxidosqualene-lanosterol cyclase, for example, a decalin
derivative, an azadecalin derivative, an indane derivative and
the like. Combination with a HMG-CoA reductase (3-hy-
droxy-3-methylglutaryl coenzyme A reductase) inhibitor
(atorvastatin calcium hydrate, pravastatin sodium, simvasta-
tin, itavastatin, lovastatin, fluvastatin, etc.) is also possible.

The compound of the present invention can also be used in
combination with a therapeutic drug for diabetes or a thera-
peutic drug for diabetic complications. For example, the com-
pound of the present invention can be used in combination
with an insulin preparation, an insulin sensitivity improving
drug [pioglitazone hydrochloride, rosiglitazone, etc.], an
a-glucosidase inhibitor [voglibose, acarbose, miglitol,
emiglitate etc.], biguanide [phenformin, metformin, buform-
ine etc.], insulin secretagogue [tolbutamide, glibenclamide,
gliclazide, nateglinide, mitiglinide, glimepiride etc.], a dipep-
tidylpeptidase IV inhibitor [ Alogliptin benzoate, Vidagliptin
(LAF237), P32/98, Saxagliptin (BMS-477118) etc.], glucose
sensitivity insulin secretagogue (TAK-875 etc.), GPR40 ago-
nist, GK activator, SGLT inhibitor (dapagliflozin, remogli-
flozin etc.), Kinedak, Penfill, Humulin, Euglucon, Glimicron,
Daonil, Novolin, Monotard, Glucobay, Dimelin, Rastinon,
Bacilcon, Deamelin S, Iszilin family, or the like.

In addition, the compound can be also used together with
other pharmaceutical components, including a bone disease
medicine, a myocardial protective drug, a coronary artery
disease medicine, a chronic cardiac failure medicine, a
hypothyroidism medicine, a nephrotic syndrome medicine, a
chronic renal failure medicine, a gynecological disease medi-
cine, an infection medicine, or the like.

The administration mode may be exemplified by (1)
administration of a single preparation obtained by simulta-
neously formulating the compound of the present invention
and the combination drug, (2) simultaneous administration
through the same administration route of two preparations
obtained by separately formulating the compound of the
present invention and the combination drug, (3) administra-
tion with a time interval through the same administration
route of two preparations obtained by separately formulating
the compound of the present invention and the combination
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drug, (4) simultaneous administration through different
administration routes of two preparations obtained by sepa-
rately formulating the compound of the present invention and
the combination drug, (5) administration with a time interval
through different administration routes of two preparations
obtained by separately formulating the compound of the
present invention and the combination drug (e.g., administra-
tion in order of the compound of the present invention and
then the combination drug, or administration in the reverse
order), or the like. The amount of the combination drug to be
administered can be appropriately selected with reference to
the clinically used dosage. The mixing ratio of the compound
of the present invention and the combination drug can be
appropriately selected in accordance with the subject of
administration, administration route, disease to be treated,
symptoms, combination, and the like.

The compound of the present invention can be also used in
combination with, for example, gene therapy involving
VEGF, TNFa or the like, or therapeutic methods involving
various antibody medicines or the like.

The compound of the present invention can be safely
administered individually, or according to ordinary methods
(e.g., methods described in the Japanese Pharmacopeia, etc.),
as a pharmaceutical composition mixed with pharmaceuti-
cally acceptable carriers, for example, a tablet (including a
sugar-coated tablet and a film-coated tablet), a film, a powder,
a granule, a capsule, a liquid, an emulsion, a suspension, an
injectable preparation, a suppository, a sustained release
preparation, a patch and the like, either orally or parenterally
(e.g., topical, rectal, intravenous administration, etc.).

The dosage form of the aforementioned pharmaceutical
preparation may be exemplified by oral preparations such as
atablet (including a sublingual tablet and a buccal disintegra-
tion tablet), a film (including a buccal disintegration film), a
capsule (including a soft capsule and a microcapsule), a gran-
ule, apowder, atroche, a syrup, an emulsion, a suspension and
the like; and parenteral preparations such as an injectable
preparation (e.g., a subcutaneous injectable preparation, an
intravenous injectable preparation, intramuscular injectable
preparation, intraperitoneal injectable preparation, a drip
infusion), external preparation (e.g., a percutaneous prepara-
tion, an ointment), a suppository (e.g., a rectal suppository, a
vaginal suppository), a pellet, a transnasal preparation, a
transpulmonary preparation (inhalant), an eye drop and the
like.

These preparations may be controlled release preparations
such as a rapid release preparation, a sustained release prepa-
ration and the like (e.g., a sustained release microcapsule).

The content of the compound of the present invention in the
pharmaceutical composition is about 0.01 to 100% by weight
of the entire composition.

The amount of administration of the compound of the
present invention may vary depending on the subject of
administration, administration route, subject disease or the
like; however, in the case of administering orally to an adult as
a hypertension medicine, the amount of administration is
about 0.0005 to 2 mg/kg of body weight, preferably about
0.001 to 1 mg/kg of body weight, and more preferably about
0.001 to 0.5 mg/kg of body weight, in terms of compound (I)
or (II), the active ingredient, possibly once to several times a
day.

The aforementioned pharmaceutically acceptable carrier
may be exemplified by various organic or inorganic carrier
materials that are conventionally used as preparation materi-
als, for example, excipient, gliding agent, binding agent and
disintegrant for solid preparations; or solvent, solution aid,
suspending agent, isotonic agent, buffering agent, soothing
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agent and the like for liquid preparations. Further, if neces-
sary, additives such as preservative, antioxidant, colorant,
sweetening agent, adsorbing agent, wetting agent and the like
can be also used.

Examples of the excipient include lactose, white sugar,
D-mannitol, starch, corn starch, crystalline cellulose, light
anhydrous silicic acid and the like.

Examples of the gliding agent include magnesium stearate,
calcium stearate, talc, colloidal silica and the like.

Examples of the binding agent include crystalline cellu-
lose, white sugar, D-mannitol, dextrin, hydroxypropylcellu-
lose, hydroxypropylmethylcellulose, polyvinylpyrrolidone,
starch, sucrose, gelatin, methylcellulose, carboxymethylcel-
lulose sodium and the like.

Examples of the disintegrant include starch, carboxymeth-
ylcellulose, carboxymethylcellulose calcium, carboxymeth-
ylstarch sodium, [.-hydroxypropylcellulose and the like.

Examples of the solvent include water for injection, alco-
hol, propylene glycol, Macrogol, sesame oil, corn oil, olive
oil and the like.

Examples of the solubilizing agent include polyethylene
glycol, propylene glycol, D-mannitol, benzyl benzoate, etha-
nol, trisaminomethane, cholesterol, triethanolamine, sodium
carbonate, sodium citrate and the like.

Examples of the suspending agent include surfactants such
as stearyl triethanolamine, sodium lauryl sulfate, laurylami-
nopropionic acid, lecithin, benzalkonium chloride, benzeto-
nium chloride, glycerin monostearate and the like; hydro-
philic  polymers such as  polyvinyl alcohol,
polyvinylpyrrolidone, carboxymethylcellulose sodium,
methylcellulose, hydroxymethylcellulose, hydroxyethylcel-
Iulose, hydroxypropylcellulose and the like; and the like.

Examples ofthe isotonic agent include glucose, D-sorbitol,
sodium chloride, glycerin, D-mannitol and the like.

Examples of the buffering agent include buffer solutions
such as phosphates, acetates, carbonates, citrates and the like.

Examples of the soothing agent include benzyl alcohol and
the like.

Examples of the preservative include parahydroxybenzoic
acid esters, chlorobutanol, benzyl alcohol, phenethyl alcohol,
dehydroacetic acid, sorbic acid and the like.

Examples of the antioxidant include sulfites, ascorbic acid,
a-tocopherol and the like.

Examples of the colorant include water-soluble Food coal
tar dyes (e.g., Food dyes such as Food Red No. 2 and No. 3,
Food Yellow No. 4 and No. 5, Food Blue No. 1 and No. 2, and
the like), water-insoluble lake dyes (e.g., aluminum salts of
the aforementioned water-soluble Food coal tar dyes), natural
dyes (e.g., p-carotene, chlorophyll, red iron oxide) and the
like.

Examples of the sweetening agent include saccharin
sodium, dipotassium glycyrrhizinate, aspartame, stevia and
the like.

EXAMPLES

The present invention is explained in detail in the following
by referring to Reference Examples, Examples, Preparation
Examples and Experimental Examples, which are not to be
construed as limitative. Of the synthesis starting materials
used in Reference Examples and Examples, synthesis meth-
ods of known compounds are omitted.

“Room temperature” in the following Reference Examples
and Examples represents a temperature of about 10° C. to
about 35° C., and “%” represents weight % unless otherwise
stated. Provided that, yield represents mol/mol %.



US 9,221,836 B2

89

'H-NMR spectra were measured with a Varian MER-
CURY 300 (300 MHz) spectrometer or a BRUKER
ADVANCE 300 spectrometer (300 MHz) using tetramethyl-
silane as an internal standard. All of the § values are repre-
sented in ppm.

LC/MS spectra were measured under the following condi-
tions (condition 1 or 2).
Condition 1: Equipment: Agilent 1100 HPLC (Gilson 215
autosampler)/Waters ZQ, or Waters 2795/7Q
Column: CapcellPak C18UG120 (1.5 mmIDx35 mmlL, S-3
um), manufactured by Shiseido Co., Ltd.
solvent: SOLUTION A (0.05% trifluoroacetic acid-contain-
ing water), SOLUTION B (0.04% trifluoroacetic acid-con-
taining water)
gradient cycle: 0.00 min (A/B=90/10), 2.00 min (A/B=5/95),
2.75 min (A/B=5/95), 2.76 min (A/B=90/10), 3.45 min
(A/B=90/10)
flow rate: 0.5 ml/min
detection: UV (220 nm)
Mass spectrum: electrospray method (ESI)
condition 2: Measurement instrument: LC-MS system,
Waters Corporation

HPLC part: HP1100, Agilent Technologies, Inc.

MS part: Micromass ZMD
HPLC Conditions

Column: CAPCELL PAK C18UG120, S-3 pum, 1.5x35

mm (Shiseido Co., Ltd.)

Solvent: Solution A; 0.05% trifluoroacetic acid-containing
water, Solution B; 0.04% trifluoroacetic acid-containing
acetonitrile

Gradient cycle: 0.00 min (Solution A/Solution B=90/10),
2.00 min (Solution A/Solution B=5/95), 2.75 min (Solution
A/Solution B=5/95), 2.76 min (Solution A/Solution B=90/
10), 3.60 min (Solution A/Solution B=90/10)

Injection volume: 2 pl., Flow rate: 0.5 ml./min,

Detection method: UV 220 nm
MS Conditions
Ionization method: ESI
For reversed-phase preparative HPL.C, Gilson Inc. UniPoint
System equipped with YMC CombiPrep ODS-A (20 mmIDx
50 mmlL, S-5 pm) column was used, and elution was per-
formed using 0.1% trifluoroacetic acid-containing acetoni-
trile-water (10:90-100:0) at flow rate of 25 ml/min.
Alternatively, the reversed-phase preparative HPLC was per-
formed under the following conditions.
Equipment: Gilson Inc., High Throughput Purification Sys-
tem
Column: YMC Combi Prep Hydro Sphere S-5 pm, 19x50 mm
Solvent: Solution A; 0.1% trifluoroacetic acid-containing
water, Solution B; 0.1% trifluoroacetic acid-containing
acetonitrile
Gradient cycle: 0.00 min (Solution A/Solution B=95/5), 1.00
min (Solution A/Solution B=95/5), 5.20 min (Solution A/So-
Iution B=5/95), 6.40 min (Solution A/Solution B=5/95), 6.50
min (Solution A/Solution B=95/5), 6.60 min (Solution A/So-
Iution B=95/5)
Flow rate: 20 mL/min, Detection method: UV 220 nm
The microwave reactor used was Discover of CEM.

Other symbols used in the present text indicate the follow-
ing.
s: singlet, d: doublet, t: triplet, q: quartet, dd: double doublet,
dt: double triplet, td: triple doublet, dq: double quartet, tq:
triple quartet, ddd: double double doublet, m: multiplet, br:
broad, quin: quintet.
DMF: N,N-dimethylformamide, DMA: N,N-dimethylaceta-
mide, DMSO: dimethyl sulfoxide, THF: tetrahydrofuran.
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HOBt: 1-hydroxybenzotriazole monohydrate, WSC.HCI:
1-ethyl-3-[3-(dimethylamino)propyl|carbodiimide  hydro-
chloride.
TFA: trifluoroacetic acid.
MSA: methanesulfonic acid, DIEA: N-ethyldiisopropy-
lamine, M: mole concentration.

Reference Example 1

dimethyl pyridine-3,5-dicarboxylate

Pyridine-3,5-dicarboxylic acid (25.5 g) was suspended in
methanol (184 ml), and thionyl chloride (33.8 ml) was added
dropwise at room temperature. The reaction mixture was
stirred with heating under reflux for 3 hr, and the mixture was
allowed to cool to room temperature and concentrated under
reduced pressure. The residue was diluted with water, and the
mixture was extracted with ethyl acetate. The aqueous layer
was neutralized with 8M aqueous sodium hydroxide solution,
and extracted with ethyl acetate. The extract was washed
successively with saturated aqueous sodium hydrogen car-
bonate solution and saturated brine, and dried over anhydrous
sodium sulfate. The solvent was evaporated under reduced
pressure to give the object product (27.9 g) as a powder.

'"H-NMR (CDCl5) 8 4.00 (6H, s), 8.88 (1H, 1), 9.37 (2H, d)
Reference Example 2
(3RS,58R)-1-(tert-butoxycarbonyl)-5-(methoxycar-
bonyl)piperidine-3-carboxylic acid and (3RS,5RS)-
1-(tert-butoxycarbonyl)-5-(methoxycarbonyl)piperi-

dine-3-carboxylic acid and 1-tert-butyl 3,5-dimethyl
piperidine-1,3,5-tricarboxylate

OH

XOTOY\

) N O\
XYY
'~



US 9,221,836 B2

91

-continued

O, (0]

><O\”/N O
0 0

Dimethyl pyridine-3,5-dicarboxylate (15 g) was dissolved
in methanol (150 ml), and 6M hydrochloric acid (19 ml) and
rhodium-carbon (1.5 g) were added. The reaction mixture
was stirred under hydrogen pressurization (5 atm) at 50° C.
for 25 hr. The mixture was allowed to cool to room tempera-
ture, the rhodium catalyst was filtered off and the filtrate was
concentrated under reduced pressure. The residue was dis-
solved in ethanol (100 ml), and triethylamine (16 ml) and
di-tert-butyl bicarbonate (18.5 g) were successively added
under ice-cooling. The reaction mixture was stirred at room
temperature for 15 hr, and concentrated under reduced pres-
sure. The residue was dissolved in 0.5M hydrochloric acid
and the mixture was extracted with ethyl acetate. The extract
was washed with saturated brine, and dried over anhydrous
sodium sulfate. The solvent was evaporated under reduced
pressure. The residue was subjected to silica gel column
chromatography, and fractions eluted with hexane-ethyl
acetate (7:1-1:4) were obtained. A less polar fraction was
concentrated under reduced pressure to give 1-tert-butyl 3,5-
dimethyl piperidine-1,3,5-tricarboxylate (15.2 g). A highly-
polar fraction was concentrated under reduced pressure, and
the residue was diluted with ethyl acetate. The precipitate was
collected by filtration and washed with ethyl acetate to give
(3RS,58R)-1-(tert-butoxycarbonyl)-5-(methoxycarbonyl)
piperidine-3-carboxylic acid (2.1 g) as a powder. The filtrate
was concentrated under reduced pressure to give a mixture
(4.2 g) of (3RS,5S8R)-1-(tert-butoxycarbonyl)-5-(methoxy-
carbonyl)piperidine-3-carboxylic acid and (3RS,5RS)-1-
(tert-butoxycarbonyl)-5-(methoxycarbonyl)piperidine-3-
carboxylic acid.

(3RS,58R)-1-(tert-butoxycarbonyl)-5-(methoxycar-
bonyl)piperidine-3-carboxylic acid

'"H-NMR (CDCI,) 8 1.47 (SH, s), 1.72 (1H, d), 2.41-2.63
(3H, m), 2.72 (2H, brs), 3.71 (3H, s), 4.38 (2H, d) mixture of
(3RS,58R)-1-(tert-butoxycarbonyl)-5-(methoxycarbonyl)
piperidine-3-carboxylic acid and (3RS,5RS)-1-(tert-butoxy-
carbonyl)-5-(methoxycarbonyl)piperidine-3-carboxylic acid

'H-NMR (CDCl,)  1.44-1.47 (9H, m), 1.60-1.82 (1H, m),
2.10 (1H, br s), 2.38-2.61 (3H, m), 2.72 (2H, brs), 3.71 (3H,
s), 4.38 (2H, br s)

1-tert-butyl 3,5-dimethyl
piperidine-1,3,5-tricarboxylate

'H-NMR (CDCl,) 8 1.45-1.49 (9H, m), 1.63-1.76 (1H, m),
2.07 (1H, br s), 2.38-2.55 (2H, m), 2.61-2.89 (2H, m), 3.70
(6H, s), 4.35 (2H, br s)
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Reference Example 3

(3S,5R)-1-(tert-butoxycarbonyl)-5-(methoxycarbo-
nyl)piperidine-3-carboxylic acid

><O\”/N O
(6] (6]

A mixture of (3RS,5SR)-1-(tert-butoxycarbonyl)-5-
(methoxycarbonyl)piperidine-3-carboxylic acid (6.16 g),
(R)-(+)-1-phenylethylamine (2.60 g) and ethanol (24 ml) was
dissolved by heating to 70° C., and recrystallized. The pre-
cipitated crystals were collected by filtration, dissolved in
ethanol (7 ml) again and recrystallized. The precipitated crys-
tals were collected by filtration, the obtained crystals were
suspended in water, acidified by adding saturated aqueous
potassium hydrogen sulfate solution, and the mixture was
extracted 3 times with ethyl acetate. The extract was washed
with saturated brine, and dried over anhydrous magnesium
sulfate. The solvent was evaporated under reduced pressure to
give the object product (915 mg) as a powder.
specific optical rotation [a]20D:-6.2° (after drying, 20.12
mg, methanol, 2 ml, 100 mm)

'"H-NMR (DMSO-dy) 8 1.39 (9H, s), 1.52 (1H, q), 2.18-
2.54 (3H, m), 2.55-2.78 (2H, m), 3.63 (3H, s), 4.03-4.23 (2H,
m), 12.51 (1H, br s)

Reference Example 4

(3R,58)-1-(tert-butoxycarbonyl)piperidine-3,5-dicar-
boxylic acid

><O\H/N on
(6]

Dimethyl pyridine-3,5-dicarboxylate (62.8 g) was dis-
solved in acetic acid (300 mL), 5% rhodium-carbon (6 g) was
added and the mixture was stirred under hydrogen pressur-
ization (5 atm) at 50° C. for 20 hr. The reaction mixture was
allowed to cool to room temperature, the rhodium catalyst
was filtered off, and the filtrate was concentrated under
reduced pressure. The residue was dissolved in methanol
(300 mL), and triethylamine (180 mL) and di-tert-butyl bicar-
bonate (105 g) were successively added under ice-cooling.
The reaction mixture was stirred at room temperature for 15
hr, and concentrated under reduced pressure. The residue was
dissolved in water, and the mixture was adjusted to pH 3 with
6M hydrochloric acid and extracted with ethyl acetate. The

ethyl acetate extraction layer was washed with saturated
brine, and dried over anhydrous sodium sulfate. The solvent

¢}
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was evaporated under reduced pressure. The residue was
dissolved in methanol (300 mL), and 8N aqueous sodium
hydroxide solution (161 mL.) was added dropwise at room
temperature. The reaction mixture was stirred at room tem-
perature for 20 hr, and methanol was evaporated under
reduced pressure. The concentrate was diluted with saturated
aqueous sodium hydrogen carbonate solution (100 ml) and
washed twice with diethyl ether. The basic aqueous layer was
acidified (pH 3) with 6M hydrochloric acid. The precipitated
powder was collected by filtration, washed with water and
air-dried to give the object product (80.5 g) as a powder.
'"H-NMR (DMSO-d) 8 1.34-1.43 (9H, m), 1.48 (1H, m),
2.15-2.42 (3H, m), 2.59-2.72 (2H, m), 4.13 (2H, d)

Reference Example 5

(35,5R)-1-(tert-butoxycarbonyl)-5-(methoxycarbo-
nyl)piperidine-3-carboxylic acid

XOTN SNy
(6] (6]

(3R,58)-1-(tert-Butoxycarbonyl)piperidine-3,5-dicar-
boxylic acid (113 g) was suspended in acetic anhydride (1000
ml), and the mixture was heated under reflux for 3 hr and
concentrated under reduced pressure. Toluene (100 ml) was
added to the residue and the mixture was concentrated under
reduced pressure. Toluene (100 ml) was added again and the
mixture was concentrated under reduced pressure. A similar
reaction was repeated twice to give a residue (209 g). The
obtained residue (51 g) and quinidine (71 g) were dissolved in
THF (900 ml), and the mixture was cooled to -40° C. A
solution of methanol (81 ml) in THF (100 ml) was added
dropwise over 30 min, and the mixture was stirred at the same
temperature for 6 hr. THF (about 700 ml) was evaporated
under reduced pressure, ethyl acetate was added and the mix-
ture was washed with 2N hydrochloric acid. The aqueous
layer was extracted with ethyl acetate, and the organic layers
were combined, washed successively with 2N hydrochloric
acid and saturated brine, and dried over anhydrous magne-
sium sulfate. The solvent was concentrated under reduced
pressure. A similar reaction was repeated 3 times and the
obtained residue (216 g) was suspended in ethanol (835 ml).
(R)-(+)-1-Phenylethylamine (91 g) was added and dissolved
by heating the mixture to 70° C. The hot ethanol solution was
quickly filtered, and the filtrate was stood still at room tem-
perature for 12 hr. The precipitated colorless crystals were
collected by filtration, washed successively with ethyl
acetate-hexane and hexane, and air dried. The obtained solid
was suspended in water, saturated aqueous potassium hydro-
gen sulfate solution was added and the mixture was extracted
3 times with ethyl acetate. The organic layer was washed with
saturated brine, dried over anhydrous magnesium sulfate and
concentrated to dryness to give the object product (148 g) as
a solid.

'"H-NMR (DMSO-dg) 8 1.39 (9H, s), 1.52 (1H, q), 2.18-
2.54 (3H, m), 2.55-2.78 (2H, m), 3.63 (3H, s), 4.03-4.23 (2H,
m), 12.51 (1H, brs)
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Reference Example 6

1-tert-butyl 3-methyl
(3R,58)-5-aminopiperidine-1,3-dicarboxylate

NI,
XOT@YO\
(@] (@]

(3S,5R)-1-(tert-Butoxycarbonyl)-5-(methoxycarbonyl )pi-
peridine-3-carboxylic acid (2.83 g) was suspended in toluene
(36 ml), diphenylphosphoryl azide (2.60 ml) and triethy-
lamine (1.70 ml) were added, and the mixture was stirred at
100° C. for 1 hr. The reaction mixture was cooled to room
temperature, benzyl alcohol (1.53 ml) and triethylamine
(7.00 ml) were added and the mixture was stirred at 80° C. for
3 hr. The reaction mixture was concentrated, the residue was
dissolved in ethyl acetate, and the solution was washed with
water, 0.5M hydrochloric acid, and saturated brine in this
order, and dried over anhydrous magnesium sulfate. The sol-
vent was evaporated under reduced pressure. The residue was
subjected to silica gel column chromatography, and a fraction
eluted with ethyl acetate-hexane (1:3-3:1) was concentrated
under reduced pressure. The obtained residue was dissolved
in methanol (60 ml), 10% palladium carbon (50% in water)
(150 mg) was added and the mixture was stirred under a
hydrogen pressurization (5 atom) at ambient temperature for
5 hr. The catalyst was filtered off, and the filtrate was concen-
trated under reduced pressure to give the object product (1.83
g) as an oil.

'[I-NMR (CDCl,) & 1.22-1.43 (4H, m), 1.46 (9H, 5), 2.27-
2.79 (4H, m), 3.70 (3H, 5), 4.13 (2H, br s)

In the same manner as in the method shown in Reference
Example 6, the following compound (Reference Example 7)
was obtained.

Reference Example 7

1-tert-butyl 3-methyl
S-aminopiperidine-1,3-dicarboxylate

NH,
XOTQ\"/O\
0 0

'"H-NMR (CDCl;) 8 1.19-1.41 (3H, m), 1.46-1.50 (9H, m),
1.82-2.78 (4H,m), 3.49 (1H, m), 3.64-3.73 (3H, m), 4.15 (2H,
brs)
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Reference Example 8

1-tert-butyl 3-methyl (3R,58)-5-[(2-methylpropyl)
amino|piperidine-1,3-dicarboxylate

O
><o\l(l/N l N

1-tert-Butyl 3-methyl (3R,5S)-5-aminopiperidine-1,3-di-
carboxylate (1.83 g), isobutyraldehyde (0.78 ml) and acetic
acid (0.49 ml) were dissolved in methanol (50 ml), and the
mixture was stirred at room temperature for 30 min. Sodium
triacetoxyborohydride (3.80 g) was added to the reaction
mixture, and the mixture was stirred at room temperature for
7 hr. The reaction mixture was concentrated under reduced
pressure, the concentrate was basified with aqueous sodium
bicarbonate, and extracted with ethyl acetate. The extract was
washed with water and saturated brine, and dried over anhy-
drous magnesium sulfate. The solvent was evaporated under
reduced pressure. The residue was subjected to silica gel
column chromatography, and a fraction eluted with ethyl
acetate-hexane (1:1)-ethyl acetate 100%-ethyl acetate-
methanol (9:1) was concentrated under reduced pressure to
give the object product (1.42 g) as an oil.

'H-NMR (CDCl,) 8 0.90 (6H, d), 1.22-1.38 (3H, m), 1.46
(9H, s), 1.69 (1H, dt), 2.23-2.39 (2H, m), 2.44-2.59 (1H, m),
2.47 (2H, d), 2.74 (1H, brs), 3.69 (3H, s), 4.18-4.34 (2H, m)

In the same manner as in the method shown in Reference
Example 8, the following compound (Reference Example 9)
was obtained.

Reference Example 9

1-tert-butyl 3-methyl 5-[(2-methylpropyl)amino]
piperidine-1,3-dicarboxylate

1Oy
><o\l(l/N O O

'H-NMR (CDCl,)  0.93-1.09 (2H, m), 1.02 (4H, d), 1.45
(9, d), 2.05 (3H, s), 2.65-2.79 (2H, m), 2.83-2.98 (1H, m),
3.25 (1H, dd), 3.49 (2H, s), 3.58-3.75 (3H, m), 3.94 (1H, d)
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Reference Example 10

ethyl 1-(4-methoxybutyl)-7-0x0-4,5,6,7-tetrahydro-
1H-indole-2-carboxylate

A solution of ethyl 7-0x0-4,5,6,7-tetrahydro-1H-indole-2-
carboxylate (207 mg), 4-methoxybutyl methanesulfonate
(273 mg) and cesium carbonate (652 mg) in N,N-dimethy-
lacetamide (10 ml) was stirred at 60° C. for 15 hr. After
cooling to room temperature, the reaction mixture was diluted
with water and extracted with ethyl acetate (10 mIx2). The
extract was washed with saturated brine, and dried over anhy-
drous magnesium sulfate. The solvent was evaporated under
reduced pressure. The residue was subjected to silica gel
column chromatography, and a fraction eluted with ethyl
acetate-hexane (5:95-3:7) was concentrated under reduced
pressure to give the object product (250 mg).

MS (ESI+, m/e) 294 (M+1)

Reference Example 11

1-(4-methoxybutyl)-7-0x0-4,5,6,7-tetrahydro-1H-
indole-2-carboxylic acid

N
X NN o
HO 0

Ethyl 1-(4-methoxybutyl)-7-0x0-4,5,6,7-tetrahydro-1H-

3 indole-2-carboxylate (250 mg) and lithium hydroxide mono-

65

hydrate (54 mg) were dissolved in ethanol (4 ml) and water (2
ml), and the mixture was stirred at 60° C. for 3 hr. The solvent
was concentrated under reduced pressure, and the residue was
neutralized with 1N hydrochloric acid, extracted with ethyl
acetate (10 mlx2), and dried over anhydrous magnesium sul-
fate. The solvent was evaporated under reduced pressure. The
residue was subjected to silica gel column chromatography,
and a fraction eluted with ethyl acetate-hexane (5:95-3:7) was
concentrated under reduced pressure to give the object prod-
uct (215 mg).

MS (ESI+, m/e) 266 (M+1)
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Reference Example 12

4-methoxybutyl 1-(4-methoxybutyl)-4,5,6,7-tetrahy-
dro-1H-indole-2-carboxylate

N NN
P NG N o

A solution of 4,5,6,7-tetrahydro-1H-indole-2-carboxylic
acid (280 mg), 4-methoxybutyl methanesulfonate (775 mg)
and cesium carbonate (2.77 g) in N,N-dimethylacetamide (25
ml) was stirred at 65° C. for 15 hr. After cooling to room
temperature, the reaction mixture was diluted with water and
extracted with ethyl acetate (20 mlx2). The extract was
washed with saturated brine, and dried over anhydrous mag-
nesium sulfate. The solvent was evaporated under reduced
pressure. The residue was subjected to silica gel column
chromatography, and a fraction eluted with ethyl acetate-
hexane (5:95-3:7) was concentrated under reduced pressure
to give the object product (375 mg).

MS (ESI+, m/e) 338 (M+1)

In the same manner as in Reference Example 11, the fol-
lowing compound (Reference Example 13) was obtained.

Reference Example 13

1-(4-methoxybutyl)-4,5,6,7-tetrahydro-1H-indole-2-
carboxylic acid

N
N NN
HO O

MS (ESI+, m/e) 252 (M+1)
Reference Example 14

1-(4-methoxybutyl)-1H-indole-2-carboxylic acid

HO (6]

10

15

20

40

50

60

65

98

Methyl 1H-indole-2-carboxylate (0.67 g), cesium carbon-
ate (1.9 g) and 4-methoxybutyl methanesulfonate (0.70 g)
were suspended in DMA (20 ml), and the suspension was
stirred at 60° C. for 4 hr. The reaction mixture was concen-
trated under reduced pressure, the residue was diluted with
water, and the mixture was extracted with ethyl acetate. The
extract was washed with saturated brine, dried over anhy-
drous magnesium sulfate and concentrated under reduced
pressure. The obtained residue was subjected to silica gel
chromatography, and a fraction eluted with ethyl acetate-
hexane (0:10-4:6) was concentrated under reduced pressure.
The obtained residue was dissolved in methanol (10 ml), 4N
aqueous sodium hydroxide solution (5 ml) was added, and the
mixture was heated at 80° C. for 2 hr. The mixture was
allowed to cool to room temperature, acidified with 1N aque-
ous hydrochloric acid and extracted with ethyl acetate. The
extract was washed with saturated brine, dried over anhy-
drous magnesium sulfate and concentrated under reduced
pressure to give the object product (0.77 g).

'H-NMR (DMSO-d,) 8 1.32-1.53 (2H, m), 1.63-1.79 (2H,
m), 3.18 (3H, s), 3.28 (2H, 1), 4.59 (2H, 1), 7.11 (1H, 5), 7.23
(1H, d), 7.32 (1H, s), 7.58 (1H, dd), 7.67 (1H, d)

MS (ESI+, m/e) 248 (M+1)

Reference Example 15

tert-butyl (3S,5R)-3-[{[ 1-(4-methoxybutyl)-1H-in-
dol-2-yl]carbonyl}(2-methylpropyl)amino]-5-(mor-
pholin-4-ylcarbonyl)piperidine-1-carboxylate

NN e

\‘/\N o
N
XqurN\)

1-(4-Methoxybutyl)-1H-indole-2-carboxylic acid (210
mg), tert-butyl (3S,5R)-3-[(2-methylpropyl)amino]-5-(mor-
pholin-4-ylcarbonyl)piperidine-1-carboxylate (270 mg) and
N,N-diisopropylethylamine (560 ul) were dissolved in 1,2-
dichloroethane (10 ml), chloro-N,N,N',N'-tetramethylforma-
midinium hexafluorophosphate (360 mg) was added, and the
mixture was stirred at room temperature for 2 hr. The reaction
mixture was concentrated, and the residue was subjected to
silica gel column chromatography, and a fraction eluted with
ethyl acetate-hexane (0:10-10:0) was concentrated under
reduced pressure to give the object product (83 mg).

MS (ESI+, m/e) 599 (M+1)
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Reference Example 16

methyl 2-[(tert-butoxycarbonyl)
(4-methoxybutyl)amino]-3-nitrobenzoate

o—

e

Methyl 2-[(tert-butoxycarbonyl)amino|-3-nitrobenzoate
(3.0 g), 4-methoxybutyl methanesulfonate (2.0 g) and potas-
sium carbonate (2.1 g) were dissolved in DMF (30 ml), and
the mixture was stirred at 60° C. overnight. The reaction
mixture was concentrated, aqueous potassium carbonate
solution was added, and the mixture was extracted with ethyl
acetate. The extract was washed with saturated brine, and
dried over anhydrous magnesium sulfate. The solvent was
evaporated under reduced pressure. The residue was sub-
jected to silica gel column chromatography, and a fraction
eluted with ethyl acetate-hexane (0:10—8:2) was concen-
trated under reduced pressure to give the object product (2.9

0:N

).

'H-NMR (CDCl,) & 1.28-1.34 (9H, m), 1.47-1.61 (6H, m),
3.28 (3H, 5), 3.30-3.40 (2H, m), 3.90-3.95 (3H, m), 7.49 (1H,
s), 7.91-8.02 (1H, m), 8.04-8.16 (1H, m)

Reference Example 17

methyl 1-(4-methoxybutyl)-2-(trichloromethyl)-1H-
benzimidazole-7-carboxylate

o—

0
N\( N\/\/\ o/
CCly

Methyl  2-[(tert-butoxycarbonyl)  (4-methoxybutyl)
amino]-3-nitrobenzoate (2.9 g) was dissolved in methanol
(30 ml), palladium-carbon (5%, 500 mg) was added, and the
mixture was stirred for 3 hr under a hydrogen atmosphere.
The reaction mixture was filtered through celite, and the
filtrate was concentrated under reduced pressure. The residue
(1.8 g) was dissolved in acetic acid (40 ml), methyl 2,2,2-
trichloroethanimidate (0.88 ml) was added, and the mixture
was stirred at 50° C. for 6 hr. The reaction mixture was poured
into water, and the mixture was extracted with ethyl acetate.
The extract was washed with saturated brine, and dried over
anhydrous magnesium sulfate. The solvent was evaporated
under reduced pressure to give the object product (2.6 g).

'H-NMR (CDCl,) 8 1.71 (4H, brs), 3.31 (3H, 5), 3.37 (2H,
1), 4.00 (3H, s), 4.91 (1H, dd), 4.92 (1H, d), 7.36 (1H, 1), 7.83
(1H, dd), 8.06 (1H, dd)
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Reference Example 18

methyl 3-[(2-methoxyethoxy)methyl|imidazo[1,2-a]
pyridine-2-carboxylate

To a solution of methyl 3-(hydroxymethyl)imidazo[1,2-a]
pyridine-2-carboxylate (0.30 g) in DMF (5 ml) was added
sodium hydride (60 mg) under ice-cooling. The mixture was
stirred at room temperature for 30 min, 2-methoxyethyl bro-
mide (220 mg) was added under ice-cooling, and the mixture
was stirred at 60° C. for 3 hr. The reaction mixture was
concentrated under reduced pressure, and the residue was
diluted with aqueous potassium carbonate, and the mixture
was extracted with ethyl acetate. The extract was washed with
saturated brine, dried over anhydrous sodium sulfate, and
concentrated under reduced pressure. The obtained residue
was subjected to silica gel chromatography, and a fraction
eluted with ethyl acetate-hexane (0:10-10:0) was concen-
trated under reduced pressure to give the object product (0.16

g)

'HNMR (CDCl,) 8 3.42 (3H, s), 3.48-3.57 (2H, m), 3.65
(2H, dd), 3.95-4.00 (3H, m), 5.31 (2H, d), 6.88 (1H, dd), 7.26
(1H, dd), 7.66 (1H, dt), 8.07-8.20 (1H, m)

MS (ESI+, m/e) 265 (M+1)

Reference Example 19

1-tert-butyl 3-methyl (3R,5S)-5-{[(benzyloxy)carbo-
nyl]amino }piperidine-1,3-dicarboxylate

A
@Qg
><o\l(l/N l 0L

(3S,5R)-1-(tert-Butoxycarbonyl)-5-(methoxycarbonyl )pi-
peridine-3-carboxylic acid (2.83 g) was suspended in toluene
(36 ml), diphenylphosphoryl azide (2.60 ml) and triethy-
lamine (1.70 ml) were added and the mixture was stirred at
100° C. for 1 hr. The reaction mixture was cooled to room
temperature, benzyl alcohol (1.53 ml) and triethylamine
(7.00 ml) were added and the mixture was stirred at 80° C. for
3 hr. The reaction mixture was concentrated, the residue was
dissolved in ethyl acetate, washed with water, 0.5M hydro-
chloric acid and saturated brine in this order, and dried over
anhydrous magnesium sulfate. The solvent was evaporated
under reduced pressure. The residue was subjected to silica
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gel column chromatography, and a fraction eluted with ethyl
acetate-hexane (1:3-3:1) was concentrated under reduced
pressure to give the object product (2.79 g) as an oil.
MS (ESI+, m/e) 393 (M+1)

Reference Example 20

(3R,58)-5-{[(benzyloxy)carbonyl]amino} - 1-(tert-
butoxycarbonyl)piperidine-3-carboxylic acid

A
é;g
><O\([)]/N l oH

To a solution (700 ml) of 1-tert-butyl 3-methyl (3R,5S)-5-
{[(benzyloxy) carbonyl]amino } piperidine-1,3-dicarboxylate
(115 g) in methanol was added 1M aqueous sodium hydrox-
ide solution (350 ml) under ice-cooling, and the mixture was
stirred at room temperature for 12 hr. The reaction mixture
was concentrated under reduced pressure to about ¥4 volume,
and the residual aqueous solution was washed with ethyl
acetate-hexane (1:1, 600 ml). The aqueous layer was neutral-
ized with 1M hydrochloric acid and the mixture was extracted
with ethyl acetate. The extract was washed with saturated
brine, and dried over anhydrous magnesium sulfate. The sol-
vent was evaporated under reduced pressure to give the object
product (98.5 g).

'H-NMR (DMSO-dy) 8: 1.33 (1H, br s), 1.40 (9H, 5), 2.09
(1H, d), 2.36-2.52 (3H, m), 3.93-4.09 (2H, m), 5.03 (2H, s),
7.28-7.43 (SH, m), 12.52 (1H, br s).

Reference Example 21

tert-butyl (3S,5R)-3-{[(benzyloxy) carbonyl]lamino}-
5-(morpholin-4-ylcarbonyl)piperidine-1-carboxylate

A0
(\o
XOTN K
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(3R,55)-5-{[(Benzyloxy)  carbonyllamino}-1-(tert-bu-
toxycarbonyl)piperidine-3-carboxylic acid (49.2 g), morpho-
line (11.4 ml), 1H-benzotriazol-1-0l (10.0 g) and triethy-
lamine (40 ml) were dissolved in DMF (250 ml), WSC.HCl
(30.0 g) was added, and the mixture was stirred at room
temperature for 4 days. The reaction mixture was poured into
water, and the mixture was extracted with ethyl acetate. The
extract was washed successively with saturated aqueous
sodium hydrogen carbonate solution and saturated brine, and
dried over anhydrous magnesium sulfate. The solvent was
evaporated under reduced pressure to give the object product
(62.9 g).

'"H-NMR (CDCl,): 1.46 (9H, s), 1.69 (2H, brs), 2.04 (1H,
$),2.73 (2H, brs), 2.79-2.96 (1H, m), 3.52-3.65 (6H, m), 3.69
(2H, d), 3.67 (1H, br s), 4.04 (1H, d), 5.09 (2H, s), 5.40 (1H,
brs), 7.25-7.41 (SH, m).

Reference Example 22

tert-butyl (3S,5R)-3-[(2-methylpropyl)amino]-5-
(morpholin-4-ylcarbonyl)piperidine-1-carboxylate

\(\NH
(\o
XOT}GWO/N\)

tert-Butyl  (3S,5R)-3-{[(benzyloxy)carbonyl]amino }-5-
(morpholin-4-ylcarbonyl)piperidine-1-carboxylate (58 g)
and palladium(II) hydroxide-carbon (5 g) were suspended in
methanol (400 ml) and the mixture was stirred under a hydro-
gen atmosphere (1 atom) at room temperature for 16 hr. The
palladium catalyst was filtered off, and the filtrate was con-
centrated under reduced pressure. The obtained residue and
acetic acid (8.8 ml) were dissolved in methanol (400 ml),
2-methylpropanal (14.0 ml) was added, and the mixture was
stirred at room temperature for 1 hr. Sodium triacetoxyboro-
hydride (40.4 g) was added to the reaction mixture, and the
mixture was stirred at room temperature for 2 hr. The reaction
mixture was concentrated under reduced pressure, and the
concentrate was basified with 3.5M aqueous potassium car-
bonate solution, and the mixture was extracted with ethyl
acetate. The extract was washed with saturated brine, and
dried over anhydrous magnesium sulfate. The solvent was
evaporated under reduced pressure. The residue was sub-
jected to basic silica gel column chromatography, and a frac-
tion eluted with ethyl acetate-hexane (1:5)-ethyl acetate-hex-
ane (1:1) was concentrated under reduced pressure to give the
object product (33.3 g).

'"H-NMR (CDCl,) §: 0.90 (6H, d), 1.46 (SH, s), 1.54 (1H,
d), 1.69 (1H, dt), 1.96-2.12 (2H, m), 2.23-2.37 (1H, m), 2.47
(3H, d), 2.66 (1H, d), 3.61 (1H, br s), 3.55 (2H, d), 3.69 (5H,
ddd), 4.01-4.46 (2H, m).
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Reference Example 23

tert-butyl (3S,5R)-3-[{[ 1-(4-methoxybutyl)-7-ox0-4,
5,6,7-tetrahydro-1H-indol-2-yl]carbonyl} (2-methyl-
propyl)amino]-5-(morpholin-4-ylcarbonyl)piperi-
dine-1-carboxylate

N NN

W/\N o
(\o
XOT%N\)

1-(4-Methoxybutyl)-7-0x0-4,5,6,7-tetrahydro-1H-indole-
2-carboxylic acid (210 mg), tert-butyl (3S,5R)-3-[(2-methyl-
propyl)amino]-5-(morpholin-4-ylcarbonyl)piperidine-1-car-
boxylate (292 mg) and N,N-diisopropylethylamine (550 pl)
were dissolved in 1,2-dichloroethane (10 ml), chloro-N,N,N',
N'-tetramethylformamidinium hexafluorophosphate (244
mg) was added, and the mixture was stirred at room tempera-
ture for 15 hr. The reaction mixture was diluted with saturated
aqueous sodium hydrogen carbonate solution and the mixture
was extracted with ethyl acetate. The extract was washed with
saturated brine, and dried over anhydrous magnesium sulfate.
The solvent was evaporated under reduced pressure. The
residue was subjected to silica gel column chromatography,
and a fraction eluted with ethyl acetate-hexane (10:90-100:0)
was concentrated under reduced pressure to give the object
product (245 mg).

MS (ESI+, m/e) 617 (M+1)

In the same manner as in Reference Example 23, the fol-
lowing compound (Reference Example 24) was obtained.

Reference Example 24
tert-butyl (3S,5R)-3-[{[1-(4-methoxybutyl)-4,5,6,7-
tetrahydro-1H-indol-2-yl]carbonyl }(2-methylpropyl)

amino]-5-(morpholin-4-ylcarbonyl)piperidine-1-
carboxylate

\ N\/\/\O/

\hN o
: é\(ﬁ
XYY

MS (ESI+, m/e) 603 (M+1)
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Example 1

1-(4-methoxybutyl)-N-(2-methylpropyl)-N-[(3S,5R)-
5-(morpholin-4-ylcarbonyl)piperidin-3-yl]-4,5,6,7-
tetrahydro-1H-indole-2-carboxamide

tert-Butyl  (3S,5R)-3-[{[1-(4-methoxybutyl)-4,5,6,7-tet-
rahydro-1H-indol-2-yl]carbonyl} (2-methylpropyl)amino]-
5-(morpholin-4-ylcarbonyl)piperidine-1-carboxylate (100
mg) was dissolved in dichloromethane (0.5 ml), TFA (0.5 ml)
was added, and the mixture was stirred at room temperature
for 15 min. The solvent was evaporated under reduced pres-
sure, and the residue was neutralized with saturated aqueous
sodium hydrogen carbonate. The mixture was extracted with
ethyl acetate (10 mlx2), and dried over anhydrous magne-
sium sulfate. The solvent was evaporated under reduced pres-
sure. The residue was dried under reduced pressure to give the
object product (45 mg).

MS (ESI+, m/e) 503 (M+1)
Example 2

1-(4-methoxybutyl)-N-(2-methylpropyl)-N-[(3S,5R)-

5-(morpholin-4-ylcarbonyl)piperidin-3-yl]-7-ox0-4,

5,6,7-tetrahydro-1H-indole-2-carboxamide monohy-
drochloride

tert-Butyl (3S,5R)-3-[{[1-(4-methoxybutyl)-7-0x0-4,5,6,
7-tetrahydro-1H-indol-2-yl]carbonyl } (2-methylpropyl)
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amino |-5-(morpholin-4-ylcarbonyl)piperidine- 1 -carboxy-
late (100 mg) was dissolved in ethyl acetate (1 ml), 4N
hydrogen chloride-ethyl acetate solution (1 ml) was added,
and the mixture was stirred at room temperature for 1 hr. The
solvent was evaporated under reduced pressure, and the resi-
due was dried under reduced pressure to give the object prod-
uct (52 mg).
MS (ESI+, m/e) 517 (M+1)

Example 3

1-(4-methoxybutyl)-N-(2-methylpropyl)-N-[(3S,5R)-
5-(morpholin-4-ylcarbonyl)piperidin-3-yl]-1H-in-
dole-2-carboxamide hydrochloride

tert-Butyl (3S,5R)-3-[{[1-(4-methoxybutyl)-1H-indol-2-
yl]carbonyl}(2-methylpropyl)amino]-5-(morpholin-4-ylcar-
bonyl)piperidine-1-carboxylate (83.4 mg) was dissolved in
4N hydrogen chloride-ethyl acetate (3 ml), and the mixture
was stirred at room temperature for 1.5 hr. The reaction mix-

ture was concentrated to give the object product (67 mg).
MS (ESI+, m/e) 499 (M+1)

Example 4

3-[(2-methoxyethoxy)methyl]-N-(2-methylpropyl)-

N-[(3S,5R)-5-(morpholin-4-ylcarbonyl)piperidin-3-

yl]imidazo[ 1,2-a]pyridine-2-carboxamide dihydro-
chloride
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Methyl 3-[(2-methoxyethoxy)methyl]imidazo[1,2-a]pyri-
dine-2-carboxylate (160 mg) and lithium hydroxide (76 mg)
were dissolved in water (10 ml) and methanol (2 ml), and the
mixture was stirred at 70° C. for 6 hr. The mixture was
allowed to cool to room temperature, acidified with 1N aque-
ous hydrochloric acid and extracted with ethyl acetate. The
extract was washed with saturated brine, dried over anhy-
drous magnesium sulfate and concentrated under reduced
pressure. The residue, tert-butyl (3S,5R)-3-[(2-methylpro-
pyDamino]-5-(morpholin-4-ylcarbonyl)piperidine-1-car-
boxylate (130 mg) and N,N-diisopropylethylamine (340 g)
were dissolved in 1,2-dichloroethane (10 ml), chloro-N,N,N',
N'-tetramethylformamidinium hexafluorophosphate (220
mg) was added, and the mixture was stirred at room tempera-
ture for 3 hr. The reaction mixture was concentrated, diluted
with aqueous calcium carbonate solution and the mixture was
extracted with ethyl acetate. The extract was washed with
saturated brine, and dried over anhydrous magnesium sulfate.
The solvent was evaporated under reduced pressure. The
residue was subjected to silica gel column chromatography,
and a fraction eluted with ethyl acetate-hexane (0:10-10:0)
was concentrated under reduced pressure. The residue was
dissolved in 4N hydrogen chloride-ethyl acetate (1 ml), and
the mixture was stirred at room temperature for 1.5 hr. The
reaction mixture was concentrated to give the object product
(65 mg).

MS (ESI+, m/e) 502 (M+1)

Example 5

4-(4-methoxybutyl)-N-(2-methylpropyl)-N-[ (3S,5R)-
5-(morpholin-4-ylcarbonyl)piperidin-3-y1]-4H-
thieno[3,2-b]pyrrole-5-carboxamide

57N
AN N\/\/\O/
W/\N o

4H-Thieno[3,2-b]pyrrole-5-carboxylic acid (160 mg),
tert-butyl  (3S,5R)-3-[(2-methylpropyl)amino]-5-(morpho-
lin-4-ylcarbonyl)piperidine-1-carboxylate (250 mg) and
N,N-diisopropylethylamine (630 ul) were dissolved in 1,2-
dichloroethane (10 ml), chloro-N,N,N',N'-tetramethylforma-
midinium hexafluorophosphate (410 mg) was added, and the
mixture was stirred at room temperature for 3 hr. The reaction
mixture was concentrated, diluted with aqueous calcium car-
bonate solution and the mixture was extracted with ethyl
acetate. The extract was washed with saturated brine, and
dried over anhydrous magnesium sulfate. The solvent was
evaporated under reduced pressure. The residue was sub-
jected to silica gel column chromatography, and a fraction
eluted with ethyl acetate-hexane (0:10-10:0) was concen-
trated under reduced pressure. The residue was dissolved in
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DMA (10 ml), cesium carbonate (790 mg) and 4-methoxy-
butyl methanesulfonate (230 mg) were added, and the mix-
ture was stirred at 70° C. overnight. The reaction mixture was
concentrated under reduced pressure, the residue was diluted
with water, and the mixture was extracted with ethyl acetate.
The extract was washed with saturated brine, dried over anhy-
drous magnesium sulfate and concentrated under reduced
pressure. The residue was dissolved in TFA (1.0 ml), and the
mixture was stirred at room temperature for 30 min and
concentrated under reduced pressure. This was purified by
HPLC, and the object fraction was concentrated, diluted with
aqueous calcium carbonate solution and the mixture was
extracted with ethyl acetate. The extract was washed with
saturated brine, and dried over anhydrous magnesium sulfate.
The solvent was evaporated under reduced pressure to give
the object product (52 mg).
MS (ESI+, m/e) 505 (M+1)

Example 6

methyl 2-{(2-methylpropyD)[(3S,5R)-5-(morpholin-

4-ylcarbonyl)piperidin-3-yl]carbamoyl}-1-(4-meth-

oxybutyl)-3H-benzimidazole-7-carboxylate dihydro-
chloride

Methyl 1-(4-methoxybutyl)-2-(trichloromethyl)-1H-ben-
zimidazole-7-carboxylate (0.44 g) and tert-butyl (3S,5R)-3-
[(2-methylpropyl)amino]-5-(morpholin-4-ylcarbonyl)pip-
eridine-1-carboxylate (0.3 g) were dissolved in acetonitrile
(5.0 ml) and water (5.0 ml), potassium carbonate (2.4 g) was
added, and the mixture was stirred at 60° C. overnight. The
reaction mixture was cooled to room temperature, and the
mixture was extracted with ethyl acetate. The extract was
washed successively with 10% aqueous citric acid solution,
aqueous sodium bicarbonate and saturated brine, and dried
over anhydrous magnesium sulfate. The solvent was evapo-
rated under reduced pressure. The residue was subjected to
silica gel column chromatography, and a fraction eluted with
ethyl acetate-hexane (0:10—10:0) was concentrated under
reduced pressure, and a fraction eluted with ethyl acetate was
concentrated under reduced pressure. The residue was dis-
solved in 4N hydrochloric acid-ethyl acetate solution, and the
mixture was stirred for 30 min. The reaction mixture was
concentrated, purified by HPLC, and the object fraction was
concentrated, diluted with aqueous calcium carbonate solu-
tion and the mixture was extracted with ethyl acetate. The
extract was washed with saturated brine, and dried over anhy-
drous magnesium sulfate. The solvent was evaporated under
reduced pressure, and converted to hydrochloride with 4N
hydrochloric acid-ethyl acetate solution to give the object
product (9.3 mg).

MS (ESI+, m/e) 558 (M+1)
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Example 7

(5-methyl-2-0x0-1,3-dioxol-4-yl)methyl (3R,5S)-5-
[{[1-(4-methoxybutyl)-1H-benzimidazol-2-yl]carbo-
nyl}(2-methylpropyl)amino piperidine-3-carboxylate

dihydrochloride

N\/\/\O

2HCI

e

(3R, 55)-1-(tert-Butoxycarbonyl)-5-[ {[ 1-(4-methoxybu-
tyl)-1H-benzimidazol-2-yl]carbonyl } (2-methylpropyl)
amino|piperidine-3-carboxylic acid (0.3 g) and 4-(hy-
droxymethyl)-5-methyl-1,3-dioxol-2-one (0.09 g) were
dissolved in DMA (3.0 ml), toluenesulfonyl chloride (0.13 g),
DMAP (0.014 g) and potassium carbonate (0.1 g) were added
with stirring under ice-cooling, and the mixture was stirred
for 6 hr under ice-cooling, and further at room temperature
overnight. The reaction mixture was neutralized with 1N
aqueous hydrochloric acid and extracted with ethyl acetate.
The extract was washed successively with aqueous sodium
bicarbonate and saturated brine, and dried over anhydrous
magnesium sulfate. The solvent was evaporated under
reduced pressure. The residue was subjected to silica gel
column chromatography, and a fraction eluted with ethyl
acetate-hexane (0:10—1:1) was concentrated under reduced
pressure, and a fraction eluted with ethyl acetate was concen-
trated under reduced pressure. The residue was dissolved in
2N hydrochloric acid-ethyl acetate solution, and the mixture
was stirred at room temperature for 1 hr. The reaction mixture
was concentrated to give the object product (186 mg).

MS (ESI+, m/e) 543 (M+1)

Example 8
methyl (3R,55)-5-[{[1-(4-methoxybutyl)-1H-indol-

2-yl]carbonyl}(2-methylpropyl)amino]piperidine-3-
carboxylate
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1-(4-Methoxybutyl)-1H-indole-2-carboxylic acid (247
mg), l-tert-butyl 3-methyl (3R,5S)-5-[(2-methylpropyl)
amino |piperidine-1,3-dicarboxylate (314 mg) and diisopro-
pylethylamine (862 pl) were dissolved in methylene chloride
& ml), chloro-N,N,N'N'-tetramethylformamidinium
hexafluorophosphate (337 mg) was added, and the mixture
was stirred at room temperature for 15 hr. The reaction mix-
ture was subjected to silica gel column chromatography, and
a fraction eluted with ethyl acetate-hexane (3:7) was concen-
trated under reduced pressure to give 1-tert-butyl 3-methyl
(3R,58)-5-[{[1-(4-methoxybutyl)-1H-indol-2-yl]carbonyl}
(2-methylpropyl)amino|piperidine-1,3-dicarboxylate (40
mg) as an oil. The obtained 1-tert-butyl 3-methyl (3R,5S)-5-
[{[1-(4-methoxybutyl)-1H-indol-2-yl]carbonyl }(2-methyl-
propyl)amino|piperidine-1,3-dicarboxylate (40 mg) was dis-
solved in methanol (2 ml), 4M hydrogen chloride-ethyl
acetate (2 ml) was added, and the mixture was stirred at room
temperature for 15 hr. The reaction mixture was concentrated,
and the residue was purified by reversed-phase preparative
HPLC, and the object fraction was concentrated under
reduced pressure. An aqueous sodium bicarbonate solution
was added to the residue, and the mixture was extracted with
ethyl acetate. The extract was washed with saturated brine,
dried over anhydrous magnesium sulfate, and concentrated to
give the object product (13 mg).

MS (ESI+, m/e) 444 (M+1)

Reference Example 25

methyl 1-(2-phenylethyl)-1H-indole-2-carboxylate

Methyl 1H-indole-2-carboxylate (526 mg) and (2-bromo-
ethyl)benzene (1.11 g) were dissolved in DMA (15 ml),
cesium carbonate (2.93 g) was added, and the mixture was
stirred at 60° C. for 15 hr. The reaction mixture was concen-
trated, and the residue was diluted with aqueous sodium
bicarbonate, and the mixture was extracted with ethyl acetate.
The extract was washed with saturated brine, dried over anhy-
drous magnesium sulfate, and concentrated. The residue was
subjected to silica gel column chromatography, and a fraction
eluted with ethyl acetate-hexane (3:7) was concentrated
under reduced pressure to give the object product (318 mg) as
an oil.

MS (ESI+, m/e) 280 (M+1)
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Reference Example 26

tert-butyl (3S,5R)-3-[(2-methylpropyl){[1-(2-phenyl-
ethyl)-1H-indol-2-yl]carbonyl }amino]-5-(morpho-
lin-4-ylcarbonyl)piperidine-1-carboxylate

\ N

\(\N o
.
XO\L(I@WO(NQ

Methyl 1-(2-phenylethyl)-1H-indole-2-carboxylate (318
mg) was dissolved in methanol (5 ml), 2M aqueous sodium
hydroxide solution (1.14 ml) was added, and the mixture was
stirred at room temperature for 17 hr. The aqueous layer was
adjusted to pH 7 with 1M hydrochloric acid, saturated brine
was added, and the mixture was extracted with ethyl acetate.
The extract was washed with saturated brine, and dried over
anhydrous sodium sulfate. The solvent was evaporated under
reduced pressure to give 1-(2-phenylethyl)-1H-indole-2-car-
boxylic acid (300 mg). The obtained 1-(2-phenylethyl)-1H-
indole-2-carboxylic acid (300 mg), 1-tert-butyl 3-methyl
(3R,58)-5-[(2-methylpropyl)amino|piperidine-1,3-dicar-
boxylate (185 mg) and diisopropylethylamine (431 pl) were
dissolved in methylene chloride (5 ml), chloro-N,N.N',N'-
tetramethylformamidinium hexafluorophosphate (168 mg)
was added, and the mixture was stirred at room temperature
for 15 hr. Aqueous sodium bicarbonate was added to the
reaction mixture, and the mixture was extracted with ethyl
acetate. The extract was washed with saturated brine, and
dried over anhydrous sodium sulfate. The solvent was evapo-
rated under reduced pressure, and the residue was subjected
to silica gel column chromatography, and a fraction eluted
with ethyl acetate was concentrated under reduced pressure to
give the object product (83 mg).

MS (ESI+, m/e) 617 (M+1)

Example 9
N-(2-methylpropyl)-N-[(3S,5R)-5-(morpholin-4-

ylcarbonyl)piperidin-3-yl]-1-(2-phenylethyl)-1H-
indole-2-carboxamide hydrochloride

Y\N 0 moi



US 9,221,836 B2

111
tert-Butyl (3S,5R)-3-[(2-methylpropyl){[ 1-(2-phenyl-
ethyl)- 1H-indol-2-yl]carbonyl}amino]-5-(morpholin-4-yl-
carbonyl)piperidine-1-carboxylate (83 mg) was dissolved in
4M hydrogen chloride-ethyl acetate (2 ml), and the mixture
was stirred at room temperature for 15 hr. The reaction mix-

ture was concentrated to give the object product (75 mg).
MS (ESI+, m/e) 517 (M+1)

Reference Example 27

N-(4-methoxybutyl)benzene-1,2-diamine

fﬁo
H,N N

H

To a solution of phenylenediamine (10.8 g) and 4-meth-
oxybutyl methanesulfonate (9.11 g) in acetonitrile (100 ml)
was added potassium carbonate (20.7 g), and the mixture was
stirred heated under reflux for 15 hr. Water was added to the
reaction mixture, and the mixture was extracted twice with
ethyl acetate. The extract was washed with saturated brine,
and dried over anhydrous magnesium sulfate. The solvent
was evaporated under reduced pressure. The residue was
subjected to silica gel column chromatography, and a fraction
eluted with ethyl acetate-hexane (35:65) was concentrated
under reduced pressure to give the object product (5.44 g).

'H-NMR (CDCl,) 8 1.67-1.82 (4H, m), 3.13 (2H, ), 3.24-
3.39(6H, m),3.38-3.50 (2H, m), 6.62-6.74 (3H, m), 6.81 (1H,
m).

MS (ESI+, m/e) 195 (M+1)

Reference Example 28

tert-butyl (3S,5R)-3-{[ethoxy(oxo)acetyl](2-methyl-
propyl)amino}-5-(morpholin-4-ylcarbonyl)piperi-
dine-1-carboxylate

~_° o

YNIO
®
><O\”/N N\)
(6] (6]

To a solution of tert-butyl (3S,5R)-3-[(2-methylpropyl)
amino |-5-(morpholin-4-ylcarbonyl)piperidine- 1 -carboxy-
late (9.24 g) and diisopropylethylamine (10.5 ml) in DMA
(100 m1) was added dropwise ethyl chloroglyoxylate (3.4 ml)
at 0° C. The reaction mixture was stirred at room temperature
for 15 hr, and the reaction mixture was concentrated. An
aqueous sodium bicarbonate solution was added to the resi-
due, and the mixture was extracted with ethyl acetate. The
extract was washed with saturated brine, and dried over anhy-
drous magnesium sulfate. The solvent was evaporated under
reduced pressure. The residue was subjected to silica gel
column chromatography, and a fraction eluted with ethyl

acetate was concentrated under reduced pressure to give the
object product (10.3 g).
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'H-NMR (CDCL,) § 0.84-1.00 (6H, m), 1.37 (3H, q), 1.42-
1.53 (9H, m), 1.80-2.19 (3H, m), 2.26-2.42 (1H, m), 2.59-
2.96 (1H, m), 2.97-3.30 (3H, m), 3.37-3.92 (9H, m), 4.01-
4.26 (2H, m), 4.26-4.40 (2H, m).
MS (ESI+, m/e) 470 (M+1)

Reference Example 29

{[(38,5R)-1-(tert-butoxycarbonyl)-5-(morpholin-4-
ylcarbonyl)piperidin-3-yl](2-methylpropyl)amino}
(oxo0)acetic acid

(6] OH

s
XOTQTQ

To a solution of tert-butyl (3S,5R)-3-{[ethoxy(oxo)acetyl]
(2-methylpropyl)amino } -5-(morpholin-4-ylcarbonyl )piperi-
dine-1-carboxylate (10.3 g) in ethanol (40 ml) was added 2M
aqueous sodium hydroxide solution (22 ml), and the mixture
was stirred at room temperature for 6 hr. The reaction mixture
was adjusted to pH 7 with 1M hydrochloric acid, and
extracted with ethyl acetate. The extract was washed with
saturated brine, and dried over anhydrous magnesium sulfate.
The solvent was evaporated under reduced pressure to give
the object product (10.3 g).

'H-NMR (CDCl,) 8 0.78-0.99 (6H, m), 1.37-1.52 (9H, m),
1.79-2.16 (3H, m), 2.38-3.86 (14H, m), 3.93-4.43 (2H, m).

MS (ESI+, m/e) 442 (M+1)

Reference Example 30

tert-butyl (3S,5R)-3-{[({2-[(4-methoxybutyl)amino]
phenyl }amino)(oxo)acetyl](2-methylpropyl)amino} -
5-(morpholin-4-ylcarbonyl)piperidine-1-carboxylate

O
N/\/\/ ~
H
O, NH

e
XOT@T@

{[(38,5R)-1-(tert-Butoxycarbonyl)-5-(morpholin-4-yl-
carbonyl)piperidin-3-y1](2-methylpropyl)amino } (oxo)ace-
tic acid (10.3 g), HOBt (4.13 g) and WSC.HCI (6.28 g) were
dissolved in DMF (50 ml), N-(4-methoxybutyl)benzene-1,2-
diamine (4.67 g) and diisopropylethylamine (11.3 ml) were
added, and the mixture was stirred at room temperature for 15
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hr and at 60° C. for 2 hr. The reaction mixture was concen-
trated, and the residue was diluted with aqueous sodium
bicarbonate, and the mixture was extracted with ethyl acetate.
The extract was washed with saturated brine, and dried over
anhydrous magnesium sulfate. The solvent was evaporated
under reduced pressure. The residue was subjected to silica
gel column chromatography, and a fraction eluted with ethyl
acetate was concentrated under reduced pressure to give the
object product (9.11 g).

'H-NMR (CDCl,) § 0.86-1.03 (6H, m), 1.37-1.53 (9H, m),
1.70 (4H, d), 1.86-2.26 (3H,m), 2.37-2.97 (3H, m), 3.09-3.22
(3H, m), 3.25-3.48 (6H, m), 3.48-3.98 (10H, m), 4.01-4.97
(2H, m), 6.70-6.84 (2H, m), 7.10-7.21 (1H, m), 7.35 (1H, dd),
8.47-8.80 (1H, m).

MS (ESI+, m/e) 618 (M+1)

Reference Example 31

tert-butyl (3S,5R)-3-[{[1-(4-methoxybutyl)-1H-ben-
zimidazol-2-yl|carbonyl}(2-methylpropyl)amino]-5-
(morpholin-4-ylcarbonyl)piperidine-1-carboxylate
and 1-(4-methoxybutyl)-N-(2-methylpropyl)-N-[(3S,
5R)-5-(morpholin-4-ylcarbonyl)piperidin-3-y1]-1H-
benzimidazole-2-carboxamide

NIN\/\/\O/
N

N
~
XOTN O ‘)

@
HN N\)
O
tert-Butyl (3S,5R)-3-{[({2-[(4-methoxybutyl)amino]

phenyl}amino)(oxo)acetyl](2-methylpropyl)amino }-5-

(morpholin-4-ylcarbonyl)piperidine-1-carboxylate (9.11 g)
was dissolved in acetic acid (50 ml), and the mixture was
stirred at 80° C. for 15 hr. The reaction mixture was cooled to
room temperature and concentrated under reduced pressure,
the residue was diluted with aqueous sodium bicarbonate, and
the mixture was extracted with ethyl acetate. The extract was
washed with saturated brine, and dried over anhydrous mag-
nesium sulfate. The solvent was evaporated under reduced
pressure. The residue was subjected to basic silica gel column
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chromatography, and a fraction eluted with ethyl acetate was
concentrated under reduced pressure to give tert-butyl (3S,
5R)-3-[{[1-(4-methoxybutyl)-1H-benzimidazol-2-yl|carbo-
nyl}(2-methylpropyl)amino]-5-(morpholin-4-ylcarbonyl)pi-
peridine-1-carboxylate (5.85 g), and a fraction eluted with
ethyl acetate-methanol (85:15) was concentrated under
reduced pressure to give 1-(4-methoxybutyl)-N-(2-methyl-
propyl)-N-[(3S,5R)-5-(morpholin-4-ylcarbonyl)piperidin-3-
yl]-1H-benzimidazole-2-carboxamide (580 mg).

tert-butyl (3S,5R)-3-[{[1-(4-methoxybutyl)-1H-ben-
zimidazol-2-yl]carbonyl}(2-methylpropyl)amino]-5-
(morpholin-4-ylcarbonyl)piperidine-1-carboxylate

HI-NMR (CDCl,) 8 0.63-0.80 (2H, m), 0.89-1.07 (4H, m),
1.41-1.59 (9H, m), 1.59-1.80 (2H, m), 1.87-2.23 (4H, m),
2.30-2.98 (3H, m), 3.21-3.46 (6H, m), 3.49-3.91 (10H, m),
3.95-4.47 (5H, m), 7.18-7.51 (3H, m), 7.56-7.84 (1H, m).

MS (ESI+, m/e) 600 (M+1)

1-(4-methoxybutyl)-N-(2-methylpropyl)-N-[(3S,5R)-
5-(morpholin-4-ylcarbonyl)piperidin-3-yl]-1H-benz-
imidazole-2-carboxamide

'H-NMR (CDCl,) 8 0.64-0.74 (2H, m), 0.95-1.07 (4H, m),
1.43-1.74 (3H, m), 1.84-2.41 (4H, m), 2.48-2.67 (1H, m),
2.67-3.01 (3H, m), 3.03-3.44 (8H, m), 3.47-3.78 (9H, m),
4.06-4.46 (3H, m), 7.28-7.47 (3H, m), 7.62-7.81 (1H, m).

MS (ESI+, m/e) 500 (M+1)

Example 10
1-(4-methoxybutyl)-N-(2-methylpropyl)-N-[(3S,5R)-

5-(morpholin-4-ylcarbonyl)piperidin-3-yl]-1H-benz-
imidazole-2-carboxamide dihydrochloride

NG N e Ve
Y\NIO 2HCI
(\o
HN N\)
(6]

tert-Butyl (3S,5R)-3-[{[1-(4-methoxybutyl)-1H-benzimi-
dazol-2-yl]carbonyl}(2-methylpropyl)amino]-5-(morpho-
lin-4-ylcarbonyl)piperidine-1-carboxylate (5.85 g) was dis-
solved in methanol (20 ml), 4M hydrogen chloride-ethyl
acetate (20 ml) was added, and the mixture was stirred at
room temperature for 15 hr. The reaction mixture was con-
centrated, and the residue was diluted with aqueous sodium
bicarbonate, and the mixture was extracted with ethyl acetate.
The extract was washed with saturated brine, and dried over
anhydrous magnesium sulfate. The solvent was evaporated
under reduced pressure. The residue was subjected to basic
silica gel column chromatography, and a fraction eluted with
ethyl acetate-methanol (9:1) was concentrated under reduced
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pressure to give 1-(4-methoxybutyl)-N-(2-methylpropyl)-N-
[(3S,5R)-5-(morpholin-4-ylcarbonyl)piperidin-3-yl]-1H-
benzimidazole-2-carboxamide (4.40 g). The obtained 1-(4-
methoxybutyl)-N-(2-methylpropyl)-N-[(35,5R)-5-
(morpholin-4-ylcarbonyl)piperidin-3-yl]-1H-
benzimidazole-2-carboxamide (2.20 g) was dissolved in
ethyl acetate (20 ml), 4M hydrogen chloride-ethyl acetate (5
ml) and methanol (20 ml) were added, and the mixture was
stirred at room temperature for 5 min. The reaction mixture
was concentrated under reduced pressure to give the object
product (2.52 g).

'H-NMR (DMSO-dg) 8 0.63-0.76 (2H, m), 0.85-1.00 (4H,
m), 1.40-1.60 (2H, m), 1.68-1.89 (2H, m), 1.93-2.17 (2H, m),
2.20-2.44 (2H, m), 2.81-3.81 (20H, m), 4.19-4.39 (3H, m),
7.23-7.46 (2H, m), 7.57-7.81 (2H, m), 8.38-9.77 (2H, m).

MS (ESI+, m/e) 500 (M+1)

Reference Example 32

5-fluoro-N-(4-methoxybutyl)-2-nitroaniline

5-Fluoro-2-nitroaniline (1.0 g) was dissolved in THF (20
ml), sodium hydride (60% in oil, 384 mg) was added, and the
mixture was stirred at room temperature for 30 min. 4-Meth-
oxybutyl methanesulfonate (1.28 g) was added, and the mix-
ture was heated under reflux with stirring for 15 hr. The
reaction mixture was cooled to room temperature and satu-
rated brine was added, and the mixture was extracted with
ethyl acetate. The extract was washed with saturated brine,
and dried over anhydrous sodium sulfate. The solvent was
evaporated under reduced pressure. The residue was sub-
jected to silica gel column chromatography, and a fraction
eluted with ethyl acetate-hexane (30:70) was concentrated
under reduced pressure to give the object product (494 mg).

'"H-NMR (CDCl,) 8 1.66-1.77 (2H, m), 1.78-1.89 (2H, m),
3.25-3.34 (2H, m), 3.36 (3H, s), 3.45 (2H, t), 6.36 (1H, ddd),
6.49 (1H, dd), 8.16-8.27 (2H, m).

MS (ESI+, m/e) 243 (M+1)

Reference Example 33

4-fluoro-2-(4-methoxybutylamino)aniline

4/_/70
N
i

5-Fluoro-N-(4-methoxybutyl)-2-nitroaniline (494 mg)
was dissolved in methanol (20 ml), 10% palladium carbon
(50% in water, 100 mg) was added, and the mixture was
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stirred under a hydrogen stream at ambient temperature and
normal pressure for 15 hr. The catalyst was filtered oft, and
the filtrate was concentrated under reduced pressure to give
the object product (451 mg) as an oil.

'"H-NMR (CDCl,) 8 1.63 (2H, br s), 1.67-1.81 (4H, m),
3.08 (1H, brs), 3.10 (2H, t), 3.36 (3H, s), 3.39-3.47 (2H, m),
6.26-6.38 (2H, m), 6.61 (1H, dd).

MS (ESI+, m/e) 213 (M+1)

Reference Example 34

tert-butyl (3S,5R)-3-{[({4-fluoro-2-[(4-methoxybu-
tyl)amino]phenyl}amino)(oxo)acetyl](2-methylpro-
pyDamino}-5-(morpholin-4-ylcarbonyl)piperidine-1-
carboxylate

@W\
Xwé\r

{[(38,5R)-1-(tert-Butoxycarbonyl)-5-(morpholin-4-y1-
carbonyl)piperidin-3-y1](2-methylpropyl)amino } (oxo) ace-
tic acid (221 mg), HOBt (95 mg) and WSC.HCI (144 mg)
were dissolved in DMF (5 ml), 4-fluoro-2-(4-methoxybuty-
lamino)aniline (106 mg) and diisopropylethylamine (97 ul)
were added, and the mixture was stirred at room temperature
for 15 hr and at 60° C. for 2 hr. The reaction mixture was
cooled to room temperature, and concentrated under reduced
pressure. The residue was diluted with aqueous sodium bicar-
bonate and the mixture was extracted with ethyl acetate. The
extract was washed with saturated brine, and dried over anhy-
drous sodium sulfate. The solvent was evaporated under
reduced pressure. The residue was subjected to silica gel
column chromatography, and a fraction eluted with ethyl
acetate was concentrated under reduced pressure to give the
object product (9.11 mg).

'H-NMR (CDCl,) § 0.89-1.01 (6H, m), 1.39-1.53 (9H, m),
1.61-1.79 (4H, m), 1.88-2.19 (2H, m), 3.05-3.21 (4H, m),
3.30-3.37 (5H, m), 3.38-3.49 (3H, m), 3.48-3.79 (121, m),
3.95-4.22 (1H, m), 6.35-6.48 (2[, m), 7.11-7.21 (1H, m),
8.52 (1M, s).

MS (ESI+, m/e) 636 (M+1)
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Example 11

6-fluoro-1-(4-methoxybutyl)-N-(2-methylpropyl)-N-
[(3S,5R)-5-(morpholin-4-ylcarbonyl)piperidin-3-yl]-
1H-benzimidazole-2-carboxamide dihydrochloride

F

NIN\/\/\O/
(6]

N

2HCI

tert-Butyl  (3S,5R)-3-{[({4-fluoro-2-[(4-methoxybutyl)
amino]phenyl}amino)(oxo)acetyl](2-methylpropyl)amino } -
5-(morpholin-4-ylcarbonyl)piperidine-1-carboxylate (294
mg) was dissolved in acetic acid (5 ml), and the mixture was
stirred at 80° C. for 3 days. The reaction mixture was cooled
to room temperature, 4M hydrogen chloride-ethyl acetate (5
ml) was added to the reaction mixture, and the mixture was
stirred at room temperature for 2 hr. The reaction mixture was
concentrated, and the residue was diluted with aqueous
sodium bicarbonate, and extracted with ethyl acetate. The
extract was washed with saturated brine, and dried over anhy-
drous sodium sulfate. The solvent was evaporated under
reduced pressure. The residue was subjected to basic silica
gel column chromatography, and a fraction eluted with ethyl
acetate-methanol (85:15) was concentrated under reduced
pressure. The residue was dissolved in ethyl acetate, 4M
hydrogen chloride-ethyl acetate (1 ml) was added, and the
mixture was concentrated again to give the object product
(113 mg).

'H-NMR (DMSO-dg) 8 0.64-0.79 (2H, m), 0.83-1.01 (4H,
m), 1.37-1.60 (2H, m), 1.66-1.89 (2H, m), 1.91-2.18 (2H, m),
2.15-2.44 (1H, m), 2.85-3.85 (20H, m), 4.30 (3H, t), 7.09-
7.25 (1H, m), 7.57-7.79 (2H, m), 8.57 (1H, br s), 9.20-9.42
(1H, m), 9.46-9.81 (1H, m).

MS (ESI+, m/e) 518 (M+1)

Reference Example 35

6-fluoro-1-(4-methoxybutyl)-2-(trichloromethyl)-
1H-benzimidazole
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4-Fluoro-2-(4-methoxybutylamino)aniline (4.28 g) was
dissolved in acetic acid (100 ml), methyl 2,2,2-trichloroetha-
nimidate (2.49 ml) was added dropwise, and the mixture was
stirred at room temperature for 2 hr. The reaction mixture was
concentrated under reduced pressure, and the residue was
azeotroped with toluene. The residue was subjected to silica
gel column chromatography, and a fraction eluted with ethyl
acetate was concentrated under reduced pressure to give the
object product (6.53 g).

'H-NMR (CDCl,) 8 1.71-1.84 (2H, m), 2.00-2.14 (2H, m),
3.38 (3H, s), 3.48 (2H, 1), 4.46-4.59 (2H, m), 7.03-7.16 (2H,
m), 7.81 (1H, dd).

MS (ESI+, m/e) 339 (M+1)

Reference Example 36

tert-butyl (3S,5R)-3-[{[6-fluoro-1-(4-methoxybutyl)-
1H-benzimidazol-2-yl]carbonyl}(2-methylpropyl)
amino]-5-(morpholin-4-ylcarbonyl)piperidine-1-
carboxylate

><O\(L]/N N

6-Fluoro-1-(4-methoxybutyl)-2-(trichloromethyl)-1H-
benzimidazole (1.02 g) and tert-butyl (3S,5R)-3-[(2-methyl-
propyl)amino]-5-(morpholin-4-ylcarbonyl)piperidine-1-car-
boxylate (1.11 g) were dissolved in acetonitrile (50 ml) and
water (25 ml), potassium carbonate (4.15 g) was added, and
the mixture was stirred at 60° C. for 17 hr. The reaction
mixture was cooled to room temperature, and the mixture was
extracted with ethyl acetate. The extract was washed succes-
sively with 10% aqueous citric acid solution, aqueous sodium
bicarbonate and saturated brine, and dried over anhydrous
sodium sulfate. The solvent was evaporated under reduced
pressure. The residue was subjected to silica gel column
chromatography, and a fraction eluted with ethyl acetate was
concentrated under reduced pressure to give the object prod-
uct (595 mg).

'"H-NMR (CDCl;) 8 0.64-0.82 (3H, m), 0.89-1.05 (3H, m),
1.41-1.60 (9H, m), 1.59-1.78 (2H, m), 1.83-2.24 (3H, m),
2.28-2.99 (3H, m), 3.33 (17H, d), 3.96-4.43 (5H, m), 7.00-
7.17 (2H, m), 7.49-7.75 (1H, m).

MS (ESI+, m/e) 618 (M+1)
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Example 12

6-fluoro-1-(4-methoxybutyl)-N-(2-methylpropyl)-N-
[(3S,5R)-5-(morpholin-4-ylcarbonyl)piperidin-3-yl]-
1H-benzimidazole-2-carboxamide dihydrochloride

tert-Butyl (3S,5R)-3-[{[6-fluoro-1-(4-methoxybutyl)-1H-
benzimidazol-2-yl]carbonyl}(2-methylpropyl)amino]-5-
(morpholin-4-ylcarbonyl)piperidine-1-carboxylate was dis-
solved in 4M hydrogen chloride-ethyl acetate (5 ml), and the
mixture was stirred at room temperature for 4 hr. The reaction
mixture was concentrated to give the object product (567 mg).

'H-NMR (DMSO-dg) 8 0.64-0.79 (2H, m), 0.83-1.01 (4H,
m), 1.37-1.60 (2H, m), 1.66-1.89 (2H, m), 1.91-2.18 (2H, m),
2.15-2.44 (1H, m), 2.85-3.85 (20H, m), 4.30 (3H, t), 7.09-
7.25 (1H, m), 7.57-7.79 (2H, m), 8.57 (1H, br s), 9.20-9.42
(1H, m), 9.46-9.81 (1H, m).

MS (ESI+, m/e) 518 (M+1)

Reference Example 37

1-tert-butyl 3-methyl (3R,5S)-5-[{[6-fluoro-1-(4-
methoxybutyl)-1H-benzimidazol-2-yl|carbonyl}(2-
methylpropyl)amino|piperidine-1,3-dicarboxylate
and (3R,58)-1-(tert-butoxycarbonyl)-5-[ {[6-fluoro-1-
(4-methoxybutyl)-1H-benzimidazol-2-yl]carbonyl}
(2-methylpropyl)amino|piperidine-3-carboxylic acid

\/\/\O
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-contin%ed

\/\/\O

Xré\r

6-Fluoro-1-(4-methoxybutyl)-2-(trichloromethyl)-1H-

benzimidazole (3.40 g) and 1-tert-butyl 3-methyl (3R,5S)-5-
[(2-methylpropyl)amino|piperidine-1,3-dicarboxylate (3.14
g) were dissolved in acetonitrile (100 ml) and water (50 ml),
cesium carbonate (32.6 g) was added, and the mixture was
stirred at 60° C. for 17 hr. The reaction mixture was cooled to
room temperature, adjusted to pH 7 with 1M hydrochloric
acid, and extracted with ethyl acetate. The extract was washed
with saturated brine, and dried over anhydrous sodium sul-
fate. The solvent was evaporated under reduced pressure. The
residue was subjected to silica gel column chromatography,
and a fraction eluted with ethyl acetate-hexane (1:1) was
concentrated under reduced pressure to give 1-tert-butyl
3-methyl  (3R,5S)-5-[{[6-fluoro-1-(4-methoxybutyl)-1H-
benzimidazol-2-yl]carbonyl}(2-methylpropyl)amino]piperi-
dine-1,3-dicarboxylate (1.60 g), and a fraction eluted with
ethyl acetate was concentrated under reduced pressure to give
(3R,58)-1-(tert-butoxycarbonyl)-5-[ {[6-fluoro-1-(4-meth-
oxybutyl)-1H-benzimidazol-2-yl]carbonyl }(2-methylpro-
pyDamino]piperidine-3-carboxylic acid (1.36 g).

1-tert-butyl 3-methyl (3R,5S)-5-[{[6-fluoro-1-(4-
methoxybutyl)-1H-benzimidazol-2-yl|carbonyl}(2-
methylpropyl)amino|piperidine-1,3-dicarboxylate

HI-NMR (CDCl,) 6 0.70-0.82 (4H, m), 1.00 (2H, d), 1.29-
136 (3H, m), 1.44-1.52 (6H, m), 1.58-1.72 (2H, m), 1.72-
2.04 (3H, m), 2.12-2.37 (1H, m), 2.42-2.93 (3H, m), 3.28-
3.80 (12H, m), 4.15-4.51 (4H, m), 7.00-7.14 (2H, m), 7.59-
7.77 (14, m).

MS (BSI+, m/e) 563 (M+1)

(3R,58)-1-(tert-butoxycarbonyl)-5-[{[6-fluoro-1-(4-
methoxybutyl)-1H-benzimidazol-2-yl|carbonyl}(2-
methylpropyl)amino|piperidine-3-carboxylic acid

HI-NMR (CDCl,) 8 0.69-0.83 (4H, m), 0.95-1.07 (2H, m),
1.16-1.30 (3H, m), 1.42-1.55 (6H, m), 1.60-1.73 (3H, m),
1.75-2.10 (5H, m), 2.40-2.94 (2H, m), 3.29-3.68 (10H, m),
4.15-4.36 (2H, m), 7.02-7.18 (2H, m), 7.86-8.07 (1H, m).

MS (ESI+, m/e) 549 (M+1)
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Reference Example 38

(3R, 58)-1-(tert-butoxycarbonyl)-5-[{[ 6-fluoro-1-(4-
methoxybutyl)-1H-benzimidazol-2-yl|carbonyl}(2-
methylpropyl)amino]piperidine-3-carboxylic acid

F
NIN\/\/\O/
W/\N o
><O\”/N on
0 0

1-tert-Butyl 3-methyl (3R,5S)-5-[{[6-fluoro-1-(4-meth-
oxybutyl)-1H-benzimidazol-2-yl|carbonyl } (2-methylpro-
pyDamino|piperidine-1,3-dicarboxylate (1.6 g) was dis-
solved in ethanol (100 ml), 2M aqueous sodium hydroxide
solution (14.2 ml) was added, and the mixture was stirred at
50° C. for 5 hr. The reaction mixture was cooled to room
temperature, adjusted to pH 7 with 1M hydrochloric acid, and
extracted with ethyl acetate. The extract was washed with
saturated brine, and dried over anhydrous sodium sulfate. The
solvent was evaporated under reduced pressure. The residue
was subjected to silica gel column chromatography, and a
fraction eluted with ethyl acetate was concentrated under
reduced pressure to give the object product (1.55 g).

'H-NMR (CDCl,) § 0.69-0.83 (4H, m), 0.95-1.07 (2H, m),
1.16-1.30 (3H, m), 1.42-1.55 (6H, m), 1.60-1.73 (3H, m),
1.75-2.10 (5H, m), 2.40-2.94 (2H, m), 3.29-3.68 (10H, m),
4.15-4.36 (2H, m), 7.02-7.18 (2H, m), 7.86-8.07 (1H, m).

MS (ESI+, m/e) 549 (M+1)

Reference Example 39

tert-butyl (3S,5R)-3-[{[6-fluoro-1-(4-methoxybutyl)-
1H-benzimidazol-2-yl]carbonyl}(2-methylpropyl)
amino]-5-(morpholin-4-ylcarbonyl)piperidine-1-
carboxylate
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(3R,55)-1-(tert-Butoxycarbonyl)-5-[{[ 6-fluoro-1-(4-

methoxybutyl)-1H-benzimidazol-2-y1]carbonyl} (2-methyl-
propyl)amino|piperidine-3-carboxylic acid (1.05 g), HOBt
(361 mg) and WSC.HC1 (549 mg) were dissolved in DMF (50
ml), morpholine (332 pl) and diisopropylethylamine (780 pl)
were added, and the mixture was stirred at 60° C. for 4 hr. The
reaction mixture was cooled to room temperature, concen-
trated under reduced pressure, and the residue was diluted
with aqueous sodium bicarbonate. The mixture was extracted
with ethyl acetate, and the extract was washed with saturated
brine, and dried over anhydrous sodium sulfate. The solvent
was evaporated under reduced pressure. The residue was
subjected to silica gel column chromatography, and a fraction
eluted with ethyl acetate was concentrated under reduced
pressure to give the object product (1.14 g).

'H-NMR (CDCl,) § 0.64-0.82 (3H, m), 0.89-1.05 (3H, m),
1.41-1.60 (9H, m), 1.59-1.78 (2H, m), 1.83-2.24 (3L, m),
2.28-2.99 (3H, m), 3.33 (17H, d), 3.96-4.43 (5H, m), 7.00-
7.17 (2H, m), 7.49-7.75 (1H, m).

MS (BSI+, m/e) 618 (M+1)

In the same manner as in Reference Example 32, the fol-
lowing compound (Reference Example 40) was obtained.

Reference Example 40

4-fluoro-N-(4-methoxybutyl)-2-nitroaniline

'H-NMR (CDCl,) 8 1.66-1.89 (4H, m), 3.25-3.40 (5H, m),
3.44 (2H, 1), 6.84 (1H, dd), 7.21-7.30 (1H, m), 7.84-8.05 (2H,
m).

In the same manner as in Reference Example 33, the fol-
lowing compound (Reference Example 41) was obtained.

Reference Example 41

5-fluoro-2-(4-methoxybutylamino) aniline

'HI-NMR (CDCl,) § 1.66-1.78 (4H, m), 3.12 (1H, br s),
3.04-3.11 (2H, m), 335 (3H, 5), 3.39-3.46 (2H, m), 3.58 (2H,
brs), 6.42-6.51 (2H, m), 6.53-6.60 (1H, m).

In the same manner as in Reference Example 34, the fol-
lowing compound (Reference Example 42) was obtained.
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Reference Example 42

tert-butyl (3S,5R)-3-{[({5-fluoro-2-[ (4-methoxybu-
tyl)amino]phenyl}amino)(oxo)acetyl](2-methylpro-
pyDamino }-5-(morpholin-4-ylcarbonyl)piperidine-1-

carboxylate
F
O
NN
H
(6] NH

e
XOTQTQ

MS (ESI+, m/e) 636 (M+1)

In the same manner as in Example 11, the following com-

pound (Example 13) was obtained.

Example 13

5-fluoro-1-(4-methoxybutyl)-N-(2-methylpropyl)-N-
[(3S,5R)-5-(morpholin-4-ylcarbonyl)piperidin-3-yl]-
1H-benzimidazole-2-carboxamide dihydrochloride

F
NIN\/\/\O/
w/\N 0 JHCI
@
HN N\)
0

MS (ESI+, m/e) 518 (M+1)

In the same manner as in Reference Example 35, the fol-
lowing compound (Reference Example 43) was obtained.
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Reference Example 43

5-fluoro-1-(4-methoxybutyl)-2-(trichloromethyl)-
1H-benzimidazole

A N\/\/\O/

CCl

MS (ESI+, m/e) 339 (M+1)
In the same manner as in Reference Example 37, the fol-

lowing compound (Reference Example 44) was obtained.

Reference Example 44
1-tert-butyl 3-methyl (3R,5S)-5-[{[5-fluoro-1-(4-
methoxybutyl)-1H-benzimidazol-2-yl|carbonyl}(2-
methylpropyl)amino|piperidine-1,3-dicarboxylate

F
NIN s
YN 0
><O\”/N 0
o 0

MS (ESI+, m/e) 563 (M+1)
In the same manner as in Reference Example 38, the fol-

lowing compound (Reference Example 45) was obtained.

Reference Example 45
(3R,58)-1-(tert-butoxycarbonyl)-5-[{[5-fluoro-1-(4-
methoxybutyl)-1H-benzimidazol-2-yl|carbonyl}(2-

methylpropyl)amino|piperidine-3-carboxylic acid

F

NIN\/\/\O/

\‘/\N o

XOTN OH
o o

MS (ESI+, m/e) 549 (M+1)
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Reference Example 46

tert-butyl (3S)-3-[(2-methylpropyl)amino]|piperidine-
1-carboxylate

\‘/\NH
XY
(6]

tert-Butyl (3S)-3-aminopiperidine-1-carboxylate (5.0 g),
isobutylaldehyde (2.66 ml) and acetic acid (1.72 ml) were
dissolved in methanol (100 ml), and the mixture was stirred at
room temperature for 10 min. Sodium triacetoxyborohydride
(13.2 g) was added to the reaction mixture, and the mixture
was stirred at room temperature for 30 min. The reaction
mixture was basified with aqueous sodium bicarbonate, and
extracted with ethyl acetate. The extract was washed with
saturated brine, and dried over anhydrous magnesium sulfate.
The solvent was evaporated under reduced pressure. A part of
the residue was subjected to silica gel column chromatogra-
phy, and a fraction eluted with ethyl acetate-hexane (35:65)
was concentrated under reduced pressure to give the object

product (3.04 g) as an oil.
'H-NMR (CDCl,) $0.79-1.15 (8H, m), 1.16-1.36 (1H, m),
1.36-1.56 (11H, m), 1.58-1.80 (2H, m), 1.80-2.00 (1H, m),

2.35-2.60 (3H, m), 2.74-2.99 (1H, m), 3.68-3.91 (1H, m).
MS (ESI+, m/e) 257 (M+1)

Reference Example 47

tert-butyl (3S)-3-[{[1-(4-methoxybutyl)-1H-benzimi-
dazol-2-yl]carbonyl}(2-methylpropyl)amino |piperi-
dine-1-carboxylate

N

N

I NN TN
YN o

><O\ﬂ/©
(6]
1-(4-Methoxybutyl)-2-(trichloromethyl)-1H-benzimida-

zole (470 mg) and tert-butyl (3S)-3-[(2-methylpropyl)amino]
piperidine-1-carboxylate (400 mg) were dissolved in aceto-
nitrile (30 ml) and water (15 ml), potassium carbonate (2.02
g) was added, and the mixture was stirred at 80° C. for 15 hr.
The reaction mixture was cooled to room temperature and
diluted with saturated brine. The mixture was extracted with
ethyl acetate, and the extract was washed with saturated brine
and dried over anhydrous sodium sulfate. The solvent was

evaporated under reduced pressure. The residue was sub-
jected to silica gel column chromatography, and a fraction
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eluted with ethyl acetate-hexane (60:40) was concentrated
under reduced pressure to give the object product (446 mg).
MS (ESI+, m/e) 487 (M+1)
In the same manner as in Example 12, the following com-
pound (Example 14) was obtained.

Example 14

1-(4-methoxybutyl)-N-(2-methylpropyl)-N-[ (3S)-
piperidin-3-yl]-1H-benzimidazole-2-carboxamide
dihydrochloride

N

N
I NN TN
N o}

v

2HCI

MS (ESI+, m/e) 387 (M+1)

Reference Example 48

N-(4-methoxybutyl)-3-nitropyridin-2-amine

QN fﬁ/

2-Chloro-3-nitropyridine (3.54 g) and 4-methoxybutan-1-
amine hydrochloride (3.12 g) were suspended in 2-propanol
(100 ml), diisopropylethylamine (11.6 ul) was added and the
mixture was heated under reflux with stirring for 4 days. The
reaction mixture was cooled to room temperature, and con-
centrated under reduced pressure. The residue was subjected
to silica gel column chromatography, and a fraction eluted
with ethyl acetate-hexane (3:7) was concentrated under
reduced pressure to give the object product (4.26 g).

'"H-NMR (CDCl,) 8 1.63-1.85 (4H, m), 3.35 3H, s), 3.44
(2H,1),3.61-3.72 (2H, m), 6.57-6.67 (1H, m), 8.31 (1H, br s),
8.36-8.51 (2H, m).

In the same manner as in Reference Example 33, the fol-
lowing compound (Reference Example 49) was obtained.

Reference Example 49

2-(4-methoxybutylamino)-3-aminopyridine

N O/
/ J_F

N

H

[I-NMR (CDCL,) 8 1.66-1.83 (4H, m), 3.36 (3H, 5), 3.42-
3.55 (4H, m), 3.69 (2H, br s), 5.05 (1H, br s), 6.52 (1H, dd),
6.85 (1H, dd), 7.67 (1H, dd).

In the same manner as in Reference Example 35, the fol-
lowing compound (Reference Example 50) was obtained.

H,N
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Reference Example 50

3-(4-methoxybutyl)-2-(trichloromethyl)-3H-imidazo
[4,5-b]pyridine

N\

N

/

A N\/\/\O/

CCl

MS (ESI+, m/e) 322 (M+1)
In the same manner as in Reference Example 47, the fol-
lowing compound (Reference Example 51) was obtained.
Reference Example 51
tert-butyl (3S)-3-[{[3-(4-methoxybutyl)-3H-imidazo

[4,5-blpyridin-2-yl]carbonyl } (2-methylpropyl)
amino |piperidine-1-carboxylate

N,
\(\N
X
O
MS (ESI+, m/e) 488 (M+1)

In the same manner as in Example 12, the following com-
pound (Example 15) was obtained.

R
(6]

Example 15

3-(4-methoxybutyl)-N-(2-methylpropyl)-N-[ (3S)-
piperidin-3-yl]-3H-imidazo[4,5-b]pyridine-2-car-
boxamide dihydrochloride

2HCI

MS (ESI+, m/e) 388 (M+1)
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Reference Example 52

1-(4-methoxybutyl)-4,5,6,7-tetrahydro-1H-benzimi-
dazole

NN SN

4,5,6,7-Tetrahydro-1H-benzimidazole (2.45 g) was dis-
solved in DMF (20 ml), sodium hydride (60% in oil, 880 mg)
was added, and the mixture was stirred at room temperature
for 30 min. 4-Methoxybutyl methanesulfonate (1.28 g) was
added, and the mixture was stirred at room temperature for 15
hr. The reaction mixture was concentrated under reduced
pressure, water was added and the mixture was extracted with
ethyl acetate. The extract was washed with saturated brine,
and dried over anhydrous sodium sulfate. The solvent was
evaporated under reduced pressure. The residue was sub-
jected to silica gel column chromatography, and a fraction
eluted with ethyl acetate was concentrated under reduced
pressure to give the object product (2.90 g).

MS (ESI+, m/e) 209 (M+1)
Reference Example 53

methyl 1-(4-methoxybutyl)-4,5,6,7-tetrahydro-1H-
benzimidazole-2-carboxylate

NIN\/\/\O/
\o 0

1-(4-Methoxybutyl)-4,5,6,7-tetrahydro-1H-benzimida-

zole (625 mg) was dissolved in acetonitrile (5 ml), and the
mixture was cooled to —15° C. Triethylamine (1.25 ml) and
methyl chlorocarbonate (691 pul) were added dropwise. The
reaction mixture was heated to room temperature and stirred
for 12 hr. The reaction mixture was again cooled to -15° C.,
triethylamine (1.25 ml) and methy] chlorocarbonate (691 pl)
were added dropwise, heated to room temperature and stirred
for 12 hr. This operation was further repeated 3 times, aque-
ous sodium bicarbonate was added to the reaction mixture,
and the mixture was extracted with ethyl acetate. The extract
was washed with saturated brine, and dried over anhydrous
sodium sulfate. The solvent was evaporated under reduced
pressure. The residue was subjected to basic silica gel column
chromatography, and a fraction eluted with ethyl acetate was
concentrated under reduced pressure to give the object prod-
uct (225 mg).

MS (ESI+, m/e) 267 (M+1)
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Reference Example 54

tert-butyl (3S,5R)-3-[{[1-(4-methoxybutyl)-4,5,6,7-

tetrahydro-1H-benzimidazol-2-yl|carbonyl }(2-meth-

ylpropyl)amino]-5-(morpholin-4-ylcarbonyl)piperi-
dine-1-carboxylate

Methyl 1-(4-methoxybutyl)-4,5,6,7-tetrahydro-1H-benz-
imidazole-2-carboxylate (225 mg) was dissolved in ethanol
(10 ml) and water (5 ml), lithium hydroxide monohydrate (53
mg) was added, and the mixture was stirred at room tempera-
ture for 15 hr. The reaction mixture was concentrated under
reduced pressure, and the residue was azeotroped with tolu-
ene. The residue was dissolved in 1,2-dichloroethane, tert-
butyl (3S,5R)-3-[(2-methylpropyl)amino]-5-(morpholin-4-
ylcarbonyl)piperidine-1-carboxylate (314 mg),
diisopropylethylamine (732 pl) and chloro-N,N,N'N'-tet-
ramethylformamidinium hexafluorophosphate (168 mg)
were added, and the mixture was stirred at room temperature
for 15 hr. Aqueous sodium bicarbonate was added to the
reaction mixture, and the mixture was extracted with ethyl
acetate. The extract was washed with saturated brine, and
dried over anhydrous sodium sulfate. The solvent was evapo-
rated under reduced pressure, and the residue was subjected
to basic silica gel column chromatography, and a fraction
eluted with ethyl acetate-hexane (6:4) was concentrated
under reduced pressure to give the object product (178 mg).

MS (ESI+, m/e) 604 (M+1)

In the same manner as in Example 12, the following com-
pound (Example 16) was obtained.
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Example 16

1-(4-methoxybutyl)-N-(2-methylpropyl)-N-[(3S,5R)-
5-(morpholin-4-ylcarbonyl)piperidin-3-yl]-4,5,6,7-
tetrahydro-1H-benzimidazole-2-carboxamide dihy-
drochloride

MS (ESI+, m/e) 504 (M+1)
Reference Example 55

tert-butyl (3R,58)-3-carbamoyl-5-[{[5-fluoro-1-(4-
methoxybutyl)-1H-benzimidazol-2-yl|carbonyl}(2-
methylpropyl)amino]piperidine-1-carboxylate

N, N

\(\N 0
><O\H/N NH,
0 0

(3R,55)-1-(tert-Butoxycarbonyl)-5-[{[ 5-fluoro-1-(4-
methoxybutyl)-1H-benzimidazol-2-y1]carbonyl} (2-methyl-
propyl)amino|piperidine-3-carboxylic acid (549 mg), 1H-1,
2,3-benzotriazol-1-ol ammonium salt (304 mg) and
WSC.HCI (288 mg) were dissolved in DMF (5 ml), diisopro-
pylethylamine (517 pl) was added, and the mixture was
stirred at 60° C. for 3 hr. The reaction mixture was cooled to
room temperature, concentrated under reduced pressure, and
the residue was diluted with aqueous sodium bicarbonate and
the mixture was extracted with ethyl acetate. The extract was
washed with saturated brine, and dried over anhydrous

sodium sulfate. The solvent was evaporated under reduced
pressure. The residue was subjected to silica gel column
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chromatography, and a fraction eluted with ethyl acetate was
concentrated under reduced pressure to give the object prod-
uct (1.14 g).

MS (ESI+, m/e) 548 (M+1)

In the same manner as in Reference Example 55, the fol- >

lowing compound (Reference Example 56) was obtained.
Reference Example 56
tert-butyl (3R,58)-3-carbamoyl-5-[{[6-fluoro-1-(4-

methoxybutyl)-1H-benzimidazol-2-yl|carbonyl}(2-
methylpropyl)amino|piperidine-1-carboxylate

BN N\/\/\O/

pré\f

MS (ESI+, m/e) 548 (M+1)

In the same manner as in Reference Example 39, the fol-
lowing compounds (Reference Examples 57-59) were
obtained.

Reference Example 57
tert-butyl (3S,5R)-3-[{[5-fluoro-1-(4-methoxybutyl)-
1H-benzimidazol-2-yl]carbonyl}(2-methylpropyl)

amino|-5-(pyrrolidin-1-ylcarbonyl)piperidine-1-car-
boxylate

"N N\/\/\O/

XTGYO

MS (ESI+, m/e) 602 (M+1)
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Reference Example 58

tert-butyl (3R,58)-3-(azetidin-1-ylcarbonyl)-5-[ {[ 5-

fluoro-1-(4-methoxybutyl)-1H-benzimidazol-2-yl]

carbonyl}(2-methylpropyl)amino]piperidine-1-car-
boxylate

AN N\/\/\O/

préwg

MS (ESI+, m/e) 558 (M+1)

Reference Example 59

tert-butyl (3S,5R)-3-[{[1-(4-methoxybutyl)-1H-ben-
zimidazol-2-yl]carbonyl}(2-methylpropyl)amino]-5-
(piperidin-1-ylcarbonyl)piperidine-1-carboxylate

BN N\/\/\O/

XTG\(O

MS (ESI+, m/e) 598 (M+1)

In the same manner as in Example 12, the following com-
pounds (Examples 17-22) were obtained.
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Example 17

(3R,58)-5-[{[6-fluoro-1-(4-methoxybutyl)-1H-benz-
imidazol-2-yl]carbonyl}(2-methylpropyl)amino]
piperidine-3-carboxylic acid dihydrochloride

F
NG NG N
Y\NIO
2HCI
HN OH
0

MS (ESI+, m/e) 449 (M+1)

Example 18
5-fluoro-1-(4-methoxybutyl)-N-(2-methylpropyl)-N-

[(3S,5R)-5-(pyrrolidin-1-ylcarbonyl)piperidin-3-y1]-
1H-benzimidazole-2-carboxamide dihydrochloride

MS (ESI+, m/e) 502 (M+1)
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Example 19

N-[(3S,5R)-5-carbamoylpiperidin-3-yl]-5-fluoro-1-

(4-methoxybutyl)-N-(2-methylpropyl)-1H-benzimi-
dazole-2-carboxamide dihydrochloride

N NH,

MS (ESI+, m/e) 448 (M+1)

Example 20

N-[(3S,5R)-5-carbamoylpiperidin-3-yl]-6-fluoro-1-
(4-methoxybutyl)-N-(2-methylpropyl)-1H-benzimi-
dazole-2-carboxamide dihydrochloride

F
N \ N\/\/\O/
I 2HCL
Y N o
HN NH,
[0}

MS (ESI+, m/e) 448 (M+1)
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Example 21

1-(4-methoxybutyl)-N-(2-methylpropyl)-N-[(3S,5R)-
5-(piperidin-1-ylcarbonyl)piperidin-3-yl]-1H-benz-
imidazole-2-carboxamide dihydrochloride

MS (ESI+, m/e) 498 (M+1)

Example 22

5-fluoro-1-(4-methoxybutyl)-N-(2-methylpropyl)-N-
[(3S,5R)-5-(4H-1,2,4-triazol-3-yl)piperidin-3-yl]-
1H-benzimidazole-2-carboxamide dihydrochloride

F
NIN\/\/\O/
N 0
2HCI
HN, N

MS (ESI+, m/e) 472 (M+1)
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Example 23

N-[(3S,5R)-5-(azetidin-1-ylcarbonyl)piperidin-3-yl]-

5-fluoro-1-(4-methoxybutyl)-N-(2-methylpropyl)-
1H-benzimidazole-2-carboxamide

i

tert-Butyl (3R,58)-3-(azetidin-1-ylcarbonyl)-5-[
fluoro-1-(4-methoxybutyl)-1H-benzimidazol-2-yl]carbo
nyl}(2-methylpropyl)amino |piperidine-1-carboxylate
mg) was dissolved in trifluoroacetic acid (3 ml), and

{[s-

(80
the

mixture was stirred at room temperature for 1 hr. Aqueous

sodium bicarbonate was added to the reaction mixture,
the mixture was extracted with ethyl acetate. The extract

and
was

washed with saturated brine, and dried over anhydrous
sodium sulfate. The solvent was evaporated under reduced

pressure to give the object product (42 mg).
MS (ESI+, m/e) 488 (M+1)

Reference Example 60

tert-butyl (3S,5R)-3-[{[6-fluoro-1-(4-methoxybutyl)-

1H-benzimidazol-2-yl]carbonyl}(2-methylpropyl)
amino]-5-(hydroxymethyl)piperidine-1-carboxylate

NIN\/\/\O/
\(\ N 0
XN
(6]
To a solution of (3R,5S5)-1-(tert-butoxycarbonyl)-5-[

fluoro-1-(4-methoxybutyl)-1H-benzimidazol-2-yl]carbo
nyl}(2-methylpropyl)amino piperidine-3-carboxylic

{[6-

acid
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(274 mg) and 4-methylmorpholine (66 pl) in THF (5 ml) was
added dropwise ethyl chlorocarbonate (57 ul) at 0° C., and the
mixture was stirred at the same temperature for 1 hr. Sodium
borohydride (57 mg) and methanol (1 ml) were added to the
reaction mixture, and the mixture was stirred at 0° C. for 1 hr.
The reaction mixture was diluted with aqueous sodium bicar-
bonate, and the mixture was extracted with ethyl acetate. The
extract was washed with saturated brine, and dried over anhy-
drous sodium sulfate. The solvent was evaporated under
reduced pressure. The residue was subjected to basic silica
gel column chromatography, and a fraction eluted with ethyl
acetate was concentrated under reduced pressure to give the
object product (182 mg).
MS (ESI+, m/e) 535 (M+1)

Example 24

6-fluoro-N-[(3S,5R)-5-(hydroxymethyl)piperidin-3-
y1]-1-(4-methoxybutyl)-N-(2-methylpropyl)-1H-
benzimidazole-2-carboxamide dihydrochloride

F

DO

N

o 2HCI

OH

tert-Butyl (3S,5R)-3-[{[6-fluoro-1-(4-methoxybutyl)-1H-
benzimidazol-2-yl]carbonyl}(2-methylpropyl)amino]-5-
(hydroxymethyl)piperidine-1-carboxylate (182 mg) was dis-
solved in 10-20% hydrogen chloride-methanol (5 ml), and the
mixture was stirred at room temperature for 3 days. The
reaction mixture was concentrated to give the object product
(169 mg).

MS (ESI+, m/e) 435 (M+1)

Reference Example 61

2-(trichloromethyl)-1H-benzimidazole

N, NH

Y

CCl

O-Phenylenediamine (25 g) was dissolved in acetic acid
(750 ml), and methyl 2,2,2-trichloroacetimidate (28.5 ml)
was added dropwise over 15 min. After stirring at room tem-
perature for 1 hr, the reaction mixture was concentrated to
about 150 ml, and poured into water (1500 ml). The precipi-
tated crystals were collected by filtration, washed with water
(1000 m1) and suspended in toluene (500 ml). The solvent was
evaporated under reduced pressure. The residue was again
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suspended in toluene (500 ml) and the solvent was evaporated
under reduced pressure. The residue was dried under reduced
pressure to give the object product (51.8 g).

'"H-NMR (CDCl;) 8 7.31-7.45 (2H, m), 7.49-7.55 (1H, m),
7.89 (1H, d), 9.74 (1H, br s)

In the same manner as in Reference Example 61, the fol-
lowing compounds (Reference Examples 62-63) were
obtained.

Reference Example 62
5,6-difluoro-2-(trichloromethyl)- 1H-benzimidazole

F F

N NH
AN

CCl

'H-NMR (CDCl,) 8 7.10-7.83 (2H, m), 10.10 (1H, br s)
Reference Example 63

4-chloro-2-(trichloromethyl)-1H-benzimidazole

Cl

N NH
X

CCly

'HI-NMR (CDCL,) & 7.14-7.51 (3H, m), 9.59-10.26 (1H,
m)

Reference Example 64
1-tert-butyl 3-methyl (3R,5S)-5-[(1H-benzimidazol-

2-ylcarbonyl)(2-methylpropyl)amino|piperidine-1,3-
dicarboxylate

NINH
\(\ N o
XY
(6] (6]
2-(Trichloromethyl)-1H-benzimidazole (19 g) and 1-tert-

butyl 3-methyl (3R,5S)-5-[(2-methylpropyl)amino]|piperi-
dine-1,3-dicarboxylate (25 g) were dissolved in THF (1200
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ml), sodium hydrogen carbonate (67 g) and water (600 ml)
were added, and the mixture was stirred at room temperature
for 1 hrand at 50° C. for 1 hr. After evaporation of the solvent,
the residue was extracted 3 times with ethyl acetate (700 ml).
The extract was washed successively with 10%-aqueous cit-
ric acid solution (500 ml) and brine, and dried over anhydrous
sodium sulfate. The solvent was evaporated under reduced
pressure. The residue was dissolved in ethyl acetate (1000
ml), subjected to basic silica gel column chromatography, and
a fraction eluted with ethyl acetate was concentrated under
reduced pressure to give the object product (30.6 g).

'H-NMR (CDCl,) § 0.78-1.09 (6H, m), 1.17-1.55 (9H, m),
1.77-2.95 (5H, m), 3.11-3.79 (6H, m), 3.99-4.73 (4H, m),
7.24-7.41 (2H, m), 7.45-7.59 (1H, m), 7.72-7.88 (1H, m),
10.66-10.98 (1H, m)

MS (ESI+, m/e) 459 (M+1)

Reference Example 65

tert-butyl (3S,5R)-3-{[(5,6-difluoro-1H-benzimida-
zol-2-yl)carbonyl](2-methylpropyl)amino }-5-(mor-
pholin-4-ylcarbonyl)piperidine-1-carboxylate

F F

To a solution of 5,6-difluoro-2-(trichloromethyl)-1H-ben-
zimidazole (500 mg) and tert-butyl (3S,5R)-3-[ (2-methylpro-
pylamino]-5-(morpholin-4-ylcarbonyl)piperidine-1-car-
boxylate (680 mg) in THF (50 ml) were added sodium
hydrogen carbonate (1.3 g) and water (20 ml), and the mixture
was stirred at room temperature for 1 hr and extracted with
ethyl acetate. The extract was washed with saturated brine,
and dried over anhydrous sodium sulfate. The solvent was
evaporated under reduced pressure. The residue was sub-
jected to silica gel column chromatography, and a fraction
eluted with ethyl acetate-hexane (1:1-1:0) was concentrated
under reduced pressure to give the object product (710 mg).

MS (ESI+, m/e) 550 (M+1)

In the same manner as in Reference Example 65, the fol-
lowing compounds (Reference Examples 66-68) were
obtained.
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Reference Example 66

1-tert-butyl 3-methyl (3R,58)-5-{[(5,6-difluoro-1H-
benzimidazol-2-yl)carbonyl|(2-methylpropyl)
amino }piperidine-1,3-dicarboxylate

NINH
N 0]
<
o]

S
><O\|(1/N

MS (ESI+, m/e) 495 (M+1)

Reference Example 67

1-tert-butyl 3-methyl (3R,5S)-5-{[(4-chloro-1H-
benzimidazol-2-yl)carbonyl|(2-methylpropyl)
amino }piperidine-1,3-dicarboxylate

Cl

NINH
\(\N 0
><O\”/N O
o o

MS (ESI+, m/e) 493 (M+1)
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Reference Example 68

1-tert-butyl 3-methyl 5-[(1H-benzimidazol-2-ylcar-
bonyl)(2-methylpropyl)amino |piperidine-1,3-dicar-
boxylate

N NH
\

XTGY

MS (ESI+, m/e) 459 (M+1)
Reference Example 69

1-tert-butyl 3-methyl (3R,58)-5-[{[1-(4-methoxybu-
tyl)-1H-benzimidazol-2-yl]carbonyl} (2-methylpro-
pyDamino]piperidine-1,3-dicarboxylate

Y N\/\/\O/

pré\(

1-tert-Butyl 3-methyl (3R,5S)-5-[ (1H-benzimidazol-2-yl-
carbonyl)(2-methylpropyl)amino|piperidine-1,3-dicarboxy-
late (30 g) and 4-methoxybutyl methanesulfonate (12.5 g)
were dissolved in DMA (600 ml), cesium carbonate (32 g)
was added, and the mixture was stirred at 70° C. for 12 hr. The
reaction mixture was poured into ice water (1000 ml), and the
mixture was extracted twice with ethyl acetate (1000 ml). The
extract was washed with brine, and dried over anhydrous
sodium sulfate. The solvent was evaporated under reduced
pressure. The residue was subjected to silica gel column
chromatography, and a fraction eluted with ethyl acetate-
hexane (1:4-1:1) was concentrated under reduced pressure to
give the object product (28.7 g).
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'HI-NMR (CDCl,) 8 0.76 (4H, d), 1.01 (2H, d), 1.30-1.52
(9H, m), 1.58-2.07 (4H, m), 2.10-2.93 (4H, m), 3.27-3.75
(12H, m), 4.06-4.57 (5H, m), 7.26-7.48 (3H, m), 7.79 (1H, d)
MS (ESI+, m/e) 545 (M+1)

In the same manner as in Reference Example 69, the fol-
lowing compounds (Reference Examples 70-72) were
obtained.

Reference Example 70

tert-butyl (3S,5R)-3-{[(5,6-difluoro-1-(4-methoxy-

butyl)-1H-benzimidazol-2-yl)carbonyl](2-methyl-

propyl)amino } -5-(morpholin-4-ylcarbonyl)piperi-
dine-1-carboxylate

N N\/\/\O/

XYé\r

MS (ESI+, m/e) 636 (M+1)
Reference Example 71

1-tert-butyl 3-methyl (3R,5S)-5-[{[5,6-difluoro-1-(4-
methoxybutyl)-1H-benzimidazol-2-yl|carbonyl}(2-
methylpropyl)amino|piperidine-1,3-dicarboxylate

AN N\/\/\O/

Xwé\r

MS (ESI+, m/e) 495 (M+1)
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Reference Example 72

1-tert-butyl 3-methyl 5-[{[1-(4-methoxybutyl)-1H-
benzimidazol-2-yl]carbonyl}(2-methylpropyl)amino]
piperidine-1,3-dicarboxylate 5

N\/\/\O

pr@w

MS (ESI+, m/e) 545 (M+1)
Reference Example 73 25

1-tert-butyl 3-methyl (3R,5S)-5-[{[7-chloro-1-(4-
methoxybutyl)-1H-benzimidazol-2-yl|carbonyl}(2-
methylpropyl)amino|piperidine-1,3-dicarboxylate
and 1-tert-butyl 3-methyl (3R,5S)-5-[ {[4-chloro-1- 30
(4-methoxybutyl)-1H-benzimidazol-2-yl]carbonyl }
(2-methylpropyl)amino|piperidine-1,3-dicarboxylate

cl 35
N\/\/\
(0]
40
ClL 50

\/\/\O/

55

pré\f “

1-tert-Butyl 3-methyl (3R,5S)-5-{[(4-chloro-1H-benzimi- 63
dazol-2-yl)carbonyl](2-methylpropyl)amino }piperidine-1,
3-dicarboxylate (1.7 g) and 4-methoxybutyl methane-

144

sulfonate (754 mg) were dissolved in DMA (50 ml), cesium
carbonate (1.7 g) was added, and the mixture was stirred at
70° C. for 12 hr. The reaction mixture was poured into ice
water (100 ml), and the mixture was extracted twice with
ethyl acetate (100 ml). The extract was washed with brine,
and dried over anhydrous sodium sulfate. The solvent was
evaporated under reduced pressure. The residue was sub-
jected to silica gel column chromatography, and a less polar
fraction eluted with ethyl acetate-hexane (1:4-1:1) was con-
centrated under reduced pressure to give 1-tert-butyl 3-me-
thyl  (3R,5S)-5-[{[7-chloro-1-(4-methoxybutyl)-1H-benz-
imidazol-2-yl]carbonyl} (2-methylpropyl)amino]piperidine-
1,3-dicarboxylate (200 mg).

MS (ESI+, m/e) 580 (M+1)

A highly-polar fraction was concentrated to give 1-tert-
butyl 3-methyl (3R,5S)-5-[{[4-chloro-1-(4-methoxybutyl)-
1H-benzimidazol-2-yl]carbonyl }(2-methylpropyl)amino]pi-
peridine-1,3-dicarboxylate (1.4 g).

MS (ESI+, m/e) 580 (M+1)

Reference Example 74

(3R,58)-1-(tert-butoxycarbonyl)-5-[ {[1-(4-methoxy-
butyl)-1H-benzimidazol-2-yl|carbonyl} (2-methyl-
propyl)amino|piperidine-3-carboxylic acid

AN N\/\/\O/

pré\r

1-tert-Butyl 3-methyl (3R,5S)-5-[{[1-(4-methoxybutyl)-
1H-benzimidazol-2-yl]carbonyl }(2-methylpropyl)amino]pi-
peridine-1,3-dicarboxylate (15 g) was dissolved in methanol
(150 ml), 4N-aqueous sodium hydroxide solution (250 ml)
was added, and the mixture was stirred at 50° C. for 1 hr. The
solvent was evaporated under reduced pressure, and the resi-
due was ice-cooled, neutralized with 2N hydrochloric acid,
and extracted twice ethyl acetate (500 ml). The extract was
washed with brine, and dried over anhydrous sodium sulfate.
The solvent was evaporated under reduced pressure. The
residue was dried under reduced pressure to give the object
product (15.0 g).

In the same manner as in Reference Example 74, the fol-

lowing compounds (Reference Examples 75-78) were
obtained.
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Reference Example 75

(3R, 55)-1-(tert-butoxycarbonyl)-5-[{[5,6-difluoro-1-
(4-methoxybutyl)-1H-benzimidazol-2-yl]carbonyl}
(2-methylpropyl)amino|piperidine-3-carboxylic acid

pré\f

MS (ESI+, m/e) 567 (M+1)

Reference Example 76

(3R,58)-1-(tert-butoxycarbonyl)-5-[{[7-chloro-1-(4-
methoxybutyl)-1H-benzimidazol-2-yl|carbonyl}(2-
methylpropyl)amino]piperidine-3-carboxylic acid

Cl

Xwé\(

MS (ESI+, m/e) 565 (M+1)
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Reference Example 77

(3R,58)-1-(tert-butoxycarbonyl)-5-[ {[4-chloro-1-(4-
methoxybutyl)-1H-benzimidazol-2-yl|carbonyl}(2-
methylpropyl)amino|piperidine-3-carboxylic acid

Cl

pré\(

MS (ESI+, m/e) 565 (M+1)

Reference Example 78

1-(tert-butoxycarbonyl)-5-[{[ 1-(4-methoxybutyl)-
1H-benzimidazol-2-yl]carbonyl}(2-methylpropyl)
amino|piperidine-3-carboxylic acid

préw

MS (ESI+, m/e) 531 (M+1)
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Reference Example 79

tert-butyl (3R,5S)-3-(hydroxymethy1)-5-[ {[1-(4-
methoxybutyl)-1H-benzimidazol-2-yl|carbonyl}(2-
methylpropyl)amino|piperidine-1-carboxylate

\(\N 0
XY
(6]
Sodium borohydride (4.45 g) was suspended in THF (25
ml)-ethanol (75 ml), and calcium chloride (6.5 g) was added.
After stirring at 0° C. for 1 hr, a solution of 1-tert-butyl
3-methyl (3R,5S)-5-[{[1-(4-methoxybutyl)-1H-benzimida-
zol-2-yl]carbonyl}(2-methylpropyl)amino]piperidine-1,3-
dicarboxylate (4.0 g) in THF (50 m1) was added. After stirring
at room temperature for 12 hr, ethyl acetate (150 ml) and
water (50 ml) were slowly added in this order, and the mixture
was filtered. The organic layer of the filtrate was partitioned,
washed with brine, and dried over anhydrous sodium sulfate.
The solvent was evaporated under reduced pressure. The
residue was dried under reduced pressure to give the object
product (1.8 g).
'H-NMR (CDCL,) 6 0.77 (4H, d), 1.02 (2H, d), 1.31-1.51
(9H, m), 1.56-2.88 (9H, m), 3.24-3.73 (11H, m), 3.98-4.48

(5H, m), 7.28-7.53 (3H, m), 7.79 (1H, dd)
MS (ESI+, m/e) 517 (M+1)

Reference Example 80
tert-butyl (3R,58)-3-carbamoyl-5-[{[ 1-(4-methoxy-

butyl)-1H-benzimidazol-2-yl|carbonyl }(2-methyl-
propyl)amino|piperidine-1-carboxylate

Y N\/\/\O/

pré\f

A solution of (3R,5S)-1-(tert-butoxycarbonyl)-5-[{[1-(4-
methoxybutyl)-1H-benzimidazol-2-yl]carbonyl }(2-methyl-
propyl)amino|piperidine-3-carboxylic acid (540 mg), 1H-1,
2,3-benzotriazol-1-ol ammonium salt (345 mg) and
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WSC.HCI (383 mg) in DMF (10 ml) was stirred at room
temperature for 24 hr, and the mixture was poured into water
and extracted with ethyl acetate. The extract was washed with
saturated brine, and dried over anhydrous magnesium sulfate.
The solvent was evaporated under reduced pressure. The
residue was subjected to silica gel column chromatography,
and a fraction eluted with ethyl acetate-hexane (1:9-1:0) was
concentrated under reduced pressure to give the object prod-
uct (270 mg).

'H-NMR (CDCl,) $ 0.77 (3H, d) 0.93-1.07 (3H, m), 1.21-
1.55 (9H, m), 1.55-3.01 (9H, m), 3.24-4.60 (12H, m), 5.45
(1H, d), 5.66-6.06 (1H, m), 7.23-7.52 (3H, m), 7.79 (1H, d)

MS (ESI+, m/e) 430 (M+1)

In the same manner as in Reference Example 80, the fol-
lowing compound (Reference Example 81) was obtained.

Reference Example 81
tert-butyl (3R,58)-3-carbamoyl-5-[{[5,6-difluoro-1-
(4-methoxybutyl)-1H-benzimidazol-2-yl]carbonyl }
(2-methylpropyl)amino]piperidine-1-carboxylate

F F

N\/\/\O

XYG\(

MS (ESI+, m/e) 566 (M+1)
Reference Example 82
tert-butyl (3S,5R)-3-[{[1-(4-methoxybutyl)-1H-ben-

zimidazol-2-yl]carbonyl}(2-methylpropyl)amino]-5-
(pyrrolidin-1-ylcarbonyl)piperidine-1-carboxylate

A N\/\/\O/

XYé\rO

(3R, 55)-1-(tert-Butoxycarbonyl)-5-[ {[ 1-(4-methoxybu-
tyl)-1H-benzimidazol-2-yl]carbonyl } (2-methylpropyl)
amino]piperidine-3-carboxylic acid (400 mg) and pyrroli-
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dine (59 mg) were dissolved in DMF (10 ml), WSC.HCL
(217 mg) and HOBt (150 mg) were added, and the mixture
was stirred at 50° C. for 12 hr. The reaction mixture was
poured into 10% aqueous sodium bicarbonate, and the mix-
ture was extracted with ethyl acetate. The extracts were com-
bined and washed with brine and dried over anhydrous
sodium sulfate. The solvent was evaporated under reduced
pressure. The residue was subjected to silica gel column
chromatography, and a fraction eluted with ethyl acetate-
hexane (1:1-1:0) was concentrated under reduced pressure to
give the object product (420 mg).

MS (ESI+, m/e) 584 (M+1)

In the same manner as in Reference Example 82, the fol-
lowing compounds (Reference Examples 83-91) were
obtained.

Reference Example 83
tert-butyl (3RS,5RS)-3-[{[1-(4-methoxybutyl)-1H-
benzimidazol-2-yl]carbonyl}(2-methylpropyl)

amino]-5-(morpholin-4-ylcarbonyl)piperidine-1-
carboxylate

N

IN\/\/\O/

XTO\(

MS (ESI+, m/e) 600 (M+1)

--z

Reference Example 84

tert-butyl (3R,58)-3-(azetidin-1-ylcarbonyl)-5-[{[ 1-
(4-methoxybutyl)-1H-benzimidazol-2-yl]carbonyl}
(2-methylpropyl)amino]piperidine-1-carboxylate

"N N\/\/\O/

Xwé\f@

MS (ESI+, m/e) 570 (M+1)
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Reference Example 85

tert-butyl (3R,5S)-3-[(4,4-difluoropiperidin-1-y1)
carbonyl]-5-[ {[1-(4-methoxybutyl)-1H-benzimida-
zol-2-yl]carbonyl}(2-methylpropyl)amino]piperi-
dine-1-carboxylate

XTéYg

MS (ESI+, m/e) 634 (M+1)

Reference Example 86

tert-butyl (3R,5S)-3-(7-azabicyclo[2.2.1]hepta-7-
ylcarbonyl)-5-[{[1-(4-methoxybutyl)-1H-benzimida-
zol-2-yl]carbonyl}(2-methylpropyl)amino]piperi-
dine-1-carboxylate

XTGYDA

MS (ESI+, m/e) 610 (M+1)
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Reference Example 87

tert-butyl (3S,5R)-3-[{[1-(4-methoxybutyl)-1H-ben-
zimidazol-2-yl|carbonyl}(2-methylpropyl)amino]-5-
(1,4-oxazepan-4-ylcarbonyl)piperidine-1-carboxylate

MS (ESI+, m/e) 614 (M+1)

Reference Example 88

tert-butyl (3R,55)-3-(2,3-dihydro-4H-1,4-benzox-
azin-4-ylcarbonyl)-5-[{[1-(4-methoxybutyl)-1H-
benzimidazol-2-yl]carbonyl}(2-methylpropyl)amino]
piperidine-1-carboxylate

MS (ESI+, m/e) 648 (M+1)
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Reference Example 89

tert-butyl (3R,58)-3-(azetidin-1-ylcarbonyl)-5-[ {[5,

6-difluoro-1-(4-methoxybutyl)-1H-benzimidazol-2-

yl]carbonyl }(2-methylpropyl)amino]piperidine-1-
carboxylate

NIN\/\/\O/
N

NS
XOTN O iy

MS (ESI+, m/e) 606 (M+1)
Reference Example 90

tert-butyl (3S,5R)-3-[{[7-chloro-1-(4-methoxybutyl)-
1H-benzimidazol-2-yl]carbonyl}(2-methylpropyl)
amino]-5-(morpholin-4-ylcarbonyl)piperidine-1-
carboxylate

Cl

MS (ESI+, m/e) 634 (M+1)
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Reference Example 91

tert-butyl (3S,5R)-3-[{[4-chloro-1-(4-methoxybutyl)-
1H-benzimidazol-2-yl]carbonyl}(2-methylpropyl)
amino]-5-(morpholin-4-ylcarbonyl)piperidine-1-
carboxylate

Cl

N\/\/\O

Xwé\r

MS (ESI+, m/e) 634 (M+1)
Reference Example 92

tert-butyl (3R,58)-3-(1-hydroxy-1-methylethyl)-5-[{
[1-(4-methoxybutyl)-1H-benzimidazol-2-yl]carbo-
nyl}(2-methylpropyl)aminopiperidine-1-carboxylate

A N\/\/\O/

XT@

A solution of 1-tert-butyl 3-methyl (3R,5S)-5-[{[1-(4-
methoxybutyl)-1H-benzimidazol-2-yl]carbonyl }(2-methyl-
propyl)amino|piperidine-1,3-dicarboxylate (330 mg) in THF
(5 ml) was cooled to -40° C., a solution (1 ml) of 3M-methyl
magnesium bromide in ether was added and the mixture was
stirred at room temperature for 1 hr. The reaction mixture was
poured into saturated aqueous ammonium chloride solution,
and the mixture was extracted with ethyl acetate. The extract
was dried over anhydrous sodium sulfate and the solvent was
evaporated under reduced pressure. The residue was sub-
jected to silica gel column chromatography, and a fraction
eluted with ethyl acetate-hexane (1:1-1:0) was concentrated
under reduced pressure to give the object product (180 mg).

MS (ESI+, m/e) 545 (M+1)

In the same manner as in Reference Example 92, the fol-
lowing compound (Reference Example 93) was obtained.
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Reference Example 93

tert-butyl (3S,5R)-3-[{[5,6-difluoro-1-(4-methoxy-

butyl)-1H-benzimidazol-2-yl|carbonyl} (2-methyl-

propyl)amino]-5-(1-hydroxy-1-methylethyl)piperi-
dine-1-carboxylate

N N\/\/\O/

XTGX

MS (ESI+, m/e) 581 (M+1)

Reference Example 94

tert-butyl (3R,58)-3-formyl-5-[ {[1-(4-methoxybu-
tyl)-1H-benzimidazol-2-yl]carbonyl}(2-methylpro-
pylamino|piperidine-1-carboxylate

\(\N )
><O\H/N 0
(6]

To a solution of tert-butyl (3R,5S)-3-(hydroxymethyl)-5-
[{[1-(4-methoxybutyl)-1H-benzimidazol-2-yl|carbonyl }(2-
methylpropyl)amino|piperidine-1-carboxylate (1.0 g) in
acetonitrile (20 ml) was added 1,1,1-tris(acetyloxy)-1,1-di-
hydro-1,2-benziodoxol-3-(1H)-one (0.98 g), and the mixture
was stirred at room temperature for 3 hr. 10% Aqueous
sodium thiosulfate solution was added to the reaction mix-
ture, and the mixture was stirred for 30 min. After partition-
ing, the organic layer was washed with saturated aqueous
sodium hydrogen carbonate and brine, and dried over anhy-
drous sodium sulfate. The solvent was evaporated under
reduced pressure. The residue was subjected to silica gel
column chromatography, and a fraction eluted with ethyl
acetate-hexane (1:1) was concentrated under reduced pres-

sure to give the object product (1.0 g).
MS (ESI+, m/e) 515 (M+1)
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Reference Example 95

tert-butyl (3R,5S)-3-(1-hydroxyethyl)-5-[{[1-(4-
methoxybutyl)-1H-benzimidazol-2-yl|carbonyl}(2-
methylpropyl)amino|piperidine-1-carboxylate

DO

N

\(\ o
><O\”/N OH
(6]

To a solution of tert-butyl (3R,58)-3-formyl-5-[{[1-(4-
methoxybutyl)-1H-benzimidazol-2-yl]carbonyl }(2-methyl-
propyl)amino|piperidine-1-carboxylate (150 mg) in THF (10
ml) was added 3M-methyl magnesium bromide-ether solu-
tion (0.3 ml), and the mixture was stirred at room temperature
for 1 hr. The reaction mixture was poured into saturated
aqueous ammonium chloride solution, and the mixture was
extracted with ethyl acetate. The extract was washed with
saturated brine, and dried over anhydrous sodium sulfate. The
solvent was evaporated under reduced pressure. The residue
was subjected to silica gel column chromatography, and a
fraction eluted with ethyl acetate-hexane (1:1-1:0) was con-
centrated under reduced pressure to give the object product
(100 mg).

MS (ESI+, m/e) 531 (M+1)

In the same manner as in Reference Example 95, the fol-
lowing compound (Reference Example 96) was obtained.

Reference Example 96
tert-butyl (3R,55)-3-[cyclopropyl(hydroxy)methyl]-
5-[{[1-(4-methoxybutyl)-1H-benzimidazol-2-yl]

carbonyl}(2-methylpropyl)amino]piperidine-1-car-
boxylate

N

N
I NN
N 0

Y
><O\(L]/N

MS (ESI+, m/e) 557 (M+1)
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Reference Example 97

tert-butyl (3R,5S)-3-[hydroxy(pyridin-2-yl)methyl]-
5-[{[1-(4-methoxybutyl)-1H-benzimidazol-2-y1)
carbonyl) (2-methylpropyl)amino)piperidine-1-car-
boxylate

X
XOTQ%OH
- I

To a solution of bromopyridine (0.058 ml) cooled to —78°
C.in THF (5 ml) was added 1.6M-butyllithium hexane solu-
tion (0.33 ml) and the mixture was stirred for 30 min. A
solution of tert-butyl (3R,5S)-3-formyl-5-[{[1-(4-methoxy-
butyl)-1H-benzimidazol-2-yl]carbonyl}(2-methylpropyl)
amino|piperidine-1-carboxylate (257 mg) in THF (5 ml) was
added and the mixture was stirred at —20° C. for 2 hr. The
reaction mixture was poured into saturated aqueous ammo-
nium chloride solution, and the mixture was extracted with
ethyl acetate. The extract was washed with saturated brine,
and dried over anhydrous sodium sulfate. The solvent was
evaporated under reduced pressure. The residue was sub-
jected to silica gel column chromatography, and a fraction
eluted with ethyl acetate-hexane (1:1-1:0) was concentrated
under reduced pressure to give the object product (100 mg).

MS (ESI+, m/e) 594 (M+1)

o

Reference Example 98

tert-butyl (3S,5R)-3-[{[1-(4-methoxybutyl)-1H-ben-
zimidazol-2-yl]carbonyl}(2-methylpropyl)amino]-5-
(oxiran-2-yl)piperidine-1-carboxylate
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Trimethylsulfoxonium iodide (240 mg) was dissolved in
DMSO (5 ml), sodium hydride (60% in oil, 45 mg) was
added, and the mixture was stirred at room temperature for 30
min. A solution of tert-butyl (3R,58)-3-formyl-5-[{[1-(4-
methoxybutyl)-1H-benzimidazol-2-yl]carbonyl }(2-methyl-
propyl)amino|piperidine-1-carboxylate (450 mg) in DMSO
(10 ml) was added and the mixture was stirred at room tem-
perature for 30 min. The reaction mixture was poured into
saturated aqueous ammonium chloride solution and the mix-
ture was extracted with ethyl acetate. The extract was dried
over anhydrous sodium sulfate and the solvent was evapo-
rated under reduced pressure. The residue was subjected to
silica gel column chromatography, and a fraction eluted with
ethyl acetate was concentrated under reduced pressure to give
the object product (230 mg).

MS (ESI+, m/e) 529 (M+1)

Reference Example 99

tert-butyl (3R,55)-3-(1-hydroxy-2-methoxyethyl)-5-
[{[1-(4-methoxybutyl)-1H-benzimidazol-2-yl]carbo-
nyl}(2-methylpropyl)aminopiperidine-1-carboxylate

pré\ﬁ

tert-Butyl (3S,5R)-3-[{[1-(4-methoxybutyl)-1H-benzimi-
dazol-2-yl]carbonyl}(2-methylpropyl)amino]-5-oxirane-2-
ylpiperidine-1-carboxylate (200 mg) was dissolved in metha-
nol (5 ml), 28% sodium methylate-methanol solution was
added, and the mixture was stirred at 70° C. for 6 hr. The
solvent was evaporated under reduced pressure, and the resi-
due was extracted with ethyl acetate. The extract was washed
with saturated brine, and dried over anhydrous sodium sul-
fate. The solvent was evaporated under reduced pressure. The
residue was subjected to silica gel column chromatography,
and a fraction eluted with ethyl acetate-hexane (1:1-1:0) was
concentrated under reduced pressure to give the object prod-
uct (157 mg).

MS (ESI+, m/e) 561 (M+1)
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Reference Example 100

tert-butyl (3S,5R)-3-[{[1-(4-methoxybutyl)-1H-ben-
zimidazol-2-yl]carbonyl}(2-methylpropyl)amino]-5-
(5-methyl-1,3,4-oxadiazol-2-yl)piperidine-1-car-
boxylate

AN N\/\/\O/

XTéY

Methyltetrazole (63 mg) and (3R,5S)-1-(tert-butoxycarbo-
nyl)-5-[{[1-(4-methoxybutyl)-1H-benzimidazol-2-yl]carbo-
nyl}(2-methylpropyl)amino|piperidine-3-carboxylic  acid
(265 mg) were dissolved in toluene (5 ml), DCC (155 mg)
was added and the mixture was stirred at 100° C. for 12 hr.
The reaction mixture was diluted with ethyl acetate, filtered
and the solvent of the mother liquor was evaporated under
reduced pressure. The residue was subjected to silica gel
column chromatography, and a fraction eluted with ethyl
acetate-hexane (1:1-1:0) was concentrated under reduced
pressure to give the object product (100 mg).

MS (ESI+, m/e) 569 (M+1)

Example 25

N-[(3S,5R)-5-carbamoylpiperidin-3-yl]-1-(4-meth-
oxybutyl)-N-(2-methylpropyl)-1H-benzimidazole-2-
carboxamide dihydrochloride

N

IN\/\/\O/

2HCI

tert-Butyl  (3R,5S)-3-carbamoyl-5-[{[1-(4-methoxybu-
tyl)-1H-benzimidazol-2-yl]carbonyl } (2-methylpropyl)
amino]piperidine-1-carboxylate (260 mg) was dissolved in
ethyl acetate (3 ml), 4N hydrogen chloride-ethyl acetate (5
ml) was added, and the mixture was stirred for 1 hr. The
solvent was evaporated under reduced pressure to give the
object product (220 mg).
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'H-NMR (DMSO-d,) 6 0.61-0.79 (3H, m) 0.88-0.99 (3H, Example 28
m), 1.45-1.60 (2H, m), 1.74-1.88 (2H, m), 2.07-2.41 (2H, m),
2.70-3.01 (1H, m), 3.10-3.63 (9H, m), 4.21-4.41 (3H, m), N-{(38.5R)-5-[(4 4-difluoropiperidin-1-y]) carbony]
712 (lH, br S), 7.28-7.48 (2H, m), 7.53-7.84 (3H, m), 8.98 p1per1d1n-3-yl}-l-(4-methoxybutyl)-N-(2-methylpr0-
(2H, brs), 9.54-9.95 2H, m) > pyl)-1H-benzimidazole-2-carboxamide dihydrochlo-
MS (ESI+, m/e) 430 (M+1) ride

In the same manner as in Example 25, the following com-
pounds (Examples 26-39) were obtained.
10

Example 26

1-(4-methoxybutyl)-N-(2-methylpropyl)-N-[ (3RS, N \/\/\
5RS)-5-(morpholin-4-ylcarbonyl)piperidin-3-yl]-1H- O

benzimidazole-2-carboxamide dihydrochloride
2HCI

NIN\/\/\O/ 5
o

2HC1

b

MS (ESI+, m/e) 534 (M+1)

@ 30

35

MS (ESI+, m/e) 500 (M+1) Example 29

N-[(3S,5R)-5-(7-azabicyclo|2.2.1 hept-7-ylcarbonyl)
40 piperidin-3-yl]-1-(4-methoxybutyl)-N-(2-methylpro-
pyD-1H-benzimidazole-2-carboxamide dihydrochlo-

Example 27 ride

1-(4-methoxybutyl)-N-(2-methylpropyl)-N-[(3S,5R)-
5-(pyrrolidin-1-ylcarbonyl)piperidin-3-yl]-1H-benz-
imidazole-2-carboxamide dihydrochloride

45

50 N\/\/\
0

JHCI
NIN\/\/\O/ 55 I
W/\N o) JHCI

65

MS (ESI+, m/e) 484 (M+1) MS (ESI+, m/e) 510 (M+1)
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Example 30

1-(4-methoxybutyl)-N-(2-methylpropyl)-N-[(3S,5R)-
5-(1,4-oxazepan-4-ylcarbonyl)piperidin-3-y1]|-1H-
benzimidazole-2-carboxamide dihydrochloride

MS (ESI+, m/e) 514 (M+1)

Example 31

N-[(3S,5R)-5-(2,3-dihydro-4H-1,4-benzoxazin-4-
ylcarbonyl)piperidin-3-yl]-1-(4-methoxybutyl)-N-(2-
methylpropyl)-1H-benzimidazole-2-carboxamide

dihydrochloride
N N
I i
W/\N o 2HC
9
HN. N

MS (ESI+, m/e) 548 (M+1)
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Example 32

methyl (3R,5S)-5-[{[1-(4-methoxybutyl)-1H-benz-
imidazol-2-yl]carbonyl}(2-methylpropyl)amino]
piperidine-3-carboxylate dihydrochloride

NIN\/\/\O/
Y\N 0
2HCI
HN O
0

MS (ESI+, m/e) 445 (M+1)

Example 33

(3R,58)-5-[{[1-(4-methoxybutyl)-1H-benzimidazol-
2-yl]carbonyl}(2-methylpropyl)amino]piperidine-3-
carboxylic acid dihydrochloride

NIN\/\/\O/
\(\N 0
JHCI
HN OH
o

MS (ESI+, m/e) 431 (M+1)
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Example 34

5,6-difluoro-1-(4-methoxybutyl)-N-(2-methylpro-
pyD-N-[(3S,5R)-5-(morpholin-4-ylcarbonyl)piperi-
din-3-yl]-1H-benzimidazole-2-carboxamide dihydro-

chloride
F F
AN N\/\/\o/
I 2HCL
(0]

MS (ESI+, m/e) 536 (M+1)
Example 35

N-[(3S,5R)-5-carbamoylpiperidin-3-y1]-5,6-difluoro-
1-(4-methoxybutyl)-N-(2-methylpropyl)- 1H-benz-
imidazole-2-carboxamide dihydrochloride

F F
N \ N\/\/\O/
I 2HCL
W/\ N o
HN. NI,
[0}

MS (ESI+, m/e) 466 (M+1)
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Example 36

7-chloro-1-(4-methoxybutyl)-N-(2-methylpropyl)-N-
[(3S,5R)-5-(morpholin-4-ylcarbonyl)piperidin-3-yl]-
1H-benzimidazole-2-carboxamide dihydrochloride

cl
N N\/\/\O/
I 2HCI
Y\N 0
"y
HN N\)
0

MS (ESI+, m/e) 534 (M+1)

Example 37

4-chloro-1-(4-methoxybutyl)-N-(2-methylpropyl)-N-
[(3S,5R)-5-(morpholin-4-ylcarbonyl)piperidin-3-yl]-
1H-benzimidazole-2-carboxamide dihydrochloride

cl
A N\/\/\O/
I JHCI
\(\N 0
@
HN N\)
o

MS (ESI+, m/e) 534 (M+1)
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Example 38

N-[(3S,5R)-5-(1-hydroxy-1-methylethyl)piperidin-3-
y1]-1-(4-methoxybutyl)-N-(2-methylpropyl)-1H-
benzimidazole-2-carboxamide dihydrochloride

NIN\/\/\O/
YN o

HN

2HCI
OH

tert-Butyl  (3R,5S)-3-(1-hydroxy-1-methylethyl)-5-[{[1-
(4-methoxybutyl)-1H-benzimidazol-2-yl|carbonyl}(2-me-
thylpropyl)amino|piperidine-1-carboxylate (180 mg) was
dissolved in ethyl acetate (2 ml), 4N hydrogen chloride-ethyl
acetate (4 ml) was added, and the mixture was stirred for 1 hr.
The solvent was evaporated under reduced pressure to give
the object product (130 mg).

'H-NMR (DMSO-dg) 8 0.64-0.75 (2H, m), 0.86-0.98 (4H,
m), 1.40-1.58 (2H, m), 1.65-1.88 (2H, m), 1.88-2.36 (4H, m),
2.69-3.63 (9H, m), 3.79-3.95 (3H, m), 4.07-4.40 (5H, m),
4.99 (2H, br s), 7.22-7.44 (2H, m), 7.62-7.79 (2H, m), 8.41
(1H, br s), 8.67-8.87 (1H, m), 9.14 (1H, brs)

MS (ESI+, m/e) 445 (M+1)

Example 39

5,6-difluoro-N-[ (3S,5R)-5-(1-hydroxy-1-methyl-
ethyl)piperidin-3-yl]-1-(4-methoxybutyl)-N-(2-meth-
ylpropyl)-1H-benzimidazole-2-carboxamide dihy-

drochloride
F F
N N
I NN
W/\ N 0
2HCL
OH

MS (ESI+, m/e) 481 (M+1)
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Example 40

N-[(3S,5R)-5-(hydroxymethyl)piperidin-3-yl]-1-(4-
methoxybutyl)-N-(2-methylpropyl)-1H-benzimida-
zole-2-carboxamide dihydrochloride

NIN\/\/\O/
YN 0
2HCI
HN OH

To tert-butyl (3R,5S)-3-(hydroxymethyl)-5-[ {[1-(4-meth-
oxybutyl)-1H-benzimidazol-2-yl]carbonyl }(2-methylpro-
pyDamino]piperidine-1-carboxylate (150 mg) in THF (2 ml)
was added TFA (5 ml) and the mixture was stirred at room
temperature for 1 hr. The solvent was evaporated under
reduced pressure, and the residue was subjected to reversed-
phase preparative HPL.C and the eluted fraction was concen-
trated under reduced pressure. The residual aqueous layer
was neutralized with saturated aqueous sodium hydrogen
carbonate and extracted with ethyl acetate. The extract was
dried over anhydrous sodium sulfate, 10-20% hydrogen chlo-
ride-methanol was added, and the solvent was evaporated
under reduced pressure to give the object product (75 mg).

'"H-NMR (DMSO-d) 8 0.67-0.76 (3H, m) 0.90-0.99 (3H,
m), 1.37-1.58 (2H, m), 1.63-1.88 (2H, m), 1.86-2.21 (2H, m),
2.50 (2H, dt), 3.02-4.92 (16H, m), 7.37 (2H, d), 7.63-7.84
(2H, m), 8.65 (1H, brs), 9.05-9.74 (1H, m)

MS (ESI+, m/e) 417 (M+1)

In the same manner as in Example 40, the following com-
pounds (Examples 41-44) were obtained.

Example 41

1-(4-methoxybutyl)-N-[(3S,5R)-5-(5-methyl-1,3,4-
oxadiazol-2-yl)piperidin-3-y1]-N-(2-methylpropyl)-
1H-benzimidazole-2-carboxamide dihydrochloride

NIN\/\/\O/
YN 0
JHCI
HN 0
1)~

MS (ESI+, m/e) 469 (M+1)
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Example 42

N-[(3S,5R)-5-(1-hydroxyethyl)piperidin-3-yl]-1-(4-
methoxybutyl)-N-(2-methylpropyl)-1H-benzimida- 5
zole-2-carboxamide dihydrochloride

10

15

N A N\/\/\O P
I 20
\r\ N 0 2mHCl
HN OH 25
MS (ESI+, m/e) 431 (M+1) 30
Example 43 35
N-{(3S,5R)-5-[cyclopropyl(hydroxy)methyl|piperi-
din-3-y1}-1-(4-methoxybutyl)-N-(2-methylpropyl)-
1H-benzimidazole-2-carboxamide dihydrochloride
40
45
50
NIN\/\/\O/
N O 2HCI
Y N
HN OH
60

65

MS (ESI+, m/e) 457 (M+1)

168
Example 44

N-{(3S,5R)-5-[hydroxy(pyridin-2-yl)methyl]piperi-
din-3-y1}-1-(4-methoxybutyl)-N-(2-methylpropyl)-
1H-benzimidazole-2-carboxamide trihydrochloride

N N
I \/\/\O/
YN 0 3HCI
HN OH

MS (ESI+, m/e) 494 (M+1)

Example 45

N-[(3S,5R)-5-(azetidin-1-ylcarbonyl)piperidin-3-yl]-
1-(4-methoxybutyl)-N-(2-methylpropyl)-1H-benz-
imidazole-2-carboxamide

To tert-butyl (3R,5S)-3-(azetidin-1-ylcarbonyl)-5-[{[1-(4-
methoxybutyl)-1H-benzimidazol-2-y1]carbonyl} (2-methyl-
propyl)amino|piperidine-1-carboxylate (230 mg) in 1,2-
dichloroethane (3 ml) was added TFA (3 ml) and the mixture
was stirred at room temperature for 1 hr. The solvent was
evaporated under reduced pressure, and the residue was dis-
solved in ethyl acetate-water, and neutralized with saturated
aqueous sodium hydrogen carbonate. The organic layer was
dried over anhydrous sodium sulfate and the solvent was
evaporated under reduced pressure to give the object product
(100 mg).

MS (ESI+, m/e) 470 (M+1)
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Example 46

N-[(3S,5R)-5-(azetidin-1-ylcarbonyl)piperidin-3-yl]-
5,6-difluoro-1-(4-methoxybutyl)-N-(2-methylpro-
pyD)-1H-benzimidazole-2-carboxamide 1/2 fumarate

x

N, N
I NN TN

YN o

HO
u -
HN N 0
12
(6]
To tert-butyl (3R,5S)-3-(azetidin-1-ylcarbonyl)-5-[{[5,6-
difluoro-1-(4-methoxybutyl)-1H-benzimidazol-2-yl|carbo-

nyl}(2-methylpropyl)amino]piperidine-1-carboxylate (270
mg) in 1,2-dichloroethane (3 ml) was added TFA (5 ml) and
the mixture was stirred at room temperature for 1 hr. The
solvent was evaporated under reduced pressure, and the resi-
due was dissolved in ethyl acetate-water, and neutralized with
saturated aqueous sodium hydrogen carbonate. The organic
layer was dried over anhydrous sodium sulfate, fumaric acid
(23 mg) was added, and the solvent was evaporated under

reduced pressure to give the object product (210 mg).
MS (ESI+, m/e) 506 (M+1)

Example 47

{(3R,58)-5-[{[1-(4-methoxybutyl)-1H-benzimida-
z0l1-2-yl]carbonyl }(2-methylpropyl)amino]piperidin-
3-yl}methyl acetate dihydrochloride

2HCI

NIN\/\/\O/
Y\N o
HN OY

(@]

tert-Butyl  (3R,5S)-3-(hydroxymethyl)-5-[ {[1-(4-meth-
oxybutyl)-1H-benzimidazol-2-yl|carbonyl } (2-methylpro-
pylamino|piperidine-1-carboxylate (200 mg) was dissolved
in ethyl acetate (2 ml), 4N hydrogen chloride-ethyl acetate (5

170
ml) was added, and the mixture was stirred for 1 hr. The
solvent was evaporated under reduced pressure to give the
object product (200 mg).
MS (ESI+, m/e) 459 (M+1)

Example 48

N-[(3S,5R)-5-(1-hydroxy-2-methoxyethyl)piperidin-
3-yl]-1-(4-methoxybutyl)-N-(2-methylpropyl)-1H-

10 benzimidazole-2-carboxamide dihydrochloride
15
N N\/\/\o/
20 I
Y N o
2HCI
25 N
O/

OH

30 tert-Butyl (5S)-3-(1-hydroxy-2-methoxyethyl)-5-[{[1-(4-
methoxybutyl)-1H-benzimidazol-2-y1]carbonyl} (2-methyl-
propyl)amino|piperidine-1-carboxylate (150 mg) was dis-
solved in 10-20%-hydrogen chloride methanol solution (10
ml), and the mixture was stirred at room temperature for 3 hr.
The solvent was evaporated under reduced pressure to give
the object product (140 mg).

MS (ESI+, m/e) 461 (M+1)

35

Example 49
40
1-(4-methoxybutyl)-N-(2-methylpropyl)-N-[(3S,5R)-
5-(morpholin-4-ylcarbonyl)piperidin-3-yl]-1H-benz-
imidazole-2-carboxamide methanesulfonate
45
50
NIN\/\/\O/
N (6]
55
®
O,
N N \) \ OH
S
60 - \\O

e}

tert-Butyl (3S,5R)-3-[{[1-(4-methoxybutyl)-1H-benzimi-
dazol-2-yl]carbonyl}(2-methylpropyl)amino]-5-(morpho-

65 lin-4-ylcarbonyl)piperidine-1-carboxylate (10.2 g) was dis-

solved in ethyl acetate (17 ml) and methanol (5§ ml), 4N

hydrogen chloride-ethyl acetate (34 ml) was added, and the
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mixture was stirred for 1 hr. The reaction mixture was poured
into 10%-aqueous sodium hydrogen carbonate solution (125
ml), and the mixture was extracted with ethyl acetate. The
extract was washed with brine, and dried over anhydrous
sodium sulfate. The solvent was evaporated under reduced
pressure. A part (7.8 g) of the residue (8.1 g) was dissolved in
ethyl acetate (60 ml), and dissolved in methanesulfonic acid
(1.5 g) by heating (90° C.). This was stood at room tempera-
ture for 4 days, and the precipitated crystals were collected by
filtration to give the object product as crude crystals (7.3 g).

MS (ESI+, m/e) 500 (M+1)
Reference Example 101

2-fluoro-N-(4-methoxybutyl)-6-nitroaniline

41:/_/7 O
O,N N

H

To a solution of 1,2-difluoro-3-nitrobenzene (5.15 g) and
4-methoxybutan-1-amine hydrochloride (5.42 g) in acetoni-
trile (100 ml) was added diisopropylethylamine (17 pul), and
the mixture was stirred at 6° C. for 12 hr. 4-Methoxybutan-
1-amine hydrochloride (1.00 g) was further added, and the
mixture was stirred at 70° C. for 5 hr. The reaction mixture
was concentrated under reduced pressure, saturated aqueous
sodium hydrogen carbonate was added, and the mixture was
extracted with ethyl acetate. The extract was dried over anhy-
drous magnesium sulfate, and concentrated under reduced
pressure. The residue was subjected to silica gel column
chromatography, and a fraction eluted with hexane-ethyl
acetate-hexane (3:7) was concentrated under reduced pres-
sure to give the object product (7.70 g).

'H-NMR (CDCl,) § 1.62-1.82 (4H, m), 3.34 (3H, s), 3.42
(2, 1), 3.61 (2H, ddd), 6.56 (1H, ddd), 7.17 (1H, ddd), 7.85
(1H, brs), 7.95 (1H, di)

Reference Example 102

3-fluoro-2-(4-methoxybutylamino)aniline

41:/_/7 O
LN N

H

2-Fluoro-N-(4-methoxybutyl)-6-nitroaniline (3.54 g) was
dissolved in methanol (50 ml), palladium-carbon (5%, 140
mg) was added, and the mixture was stirred for 3.5 hr under a
hydrogen atmosphere. The reaction mixture was filtered
through celite, and the filtrate was concentrated under
reduced pressure to give the object product (3.05 g).

'H-NMR (CDCl,) 8 1.49-1.76 (4H, m), 2.89-3.12 (1H, m),
2.98 (20, 1), 3.34 (3H, s), 3.40 (2H, 1), 3.91 (2H, br s),
6.43-6.52 (2H, m), 6.78 (1H, td)
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Reference Example 103

(3R,58)-1-(tert-butoxycarbonyl)-5-[{[7-fluoro-1-(4-
methoxybutyl)-1H-benzimidazol-2-yl|carbonyl}(2-
methylpropyl)amino|piperidine-3-carboxylic acid

NIN\/\/\O/

\‘/\N 0
XOTN on
(6] (6]
3-Fluoro-2-(4-methoxybutylamino)aniline (3.05 g) was
dissolved in acetic acid (80 ml), methyl 2,2,2-trichloroetha-
nimidate (1.92 ml) was added, and the mixture was stirred for
1.5 hr. The reaction mixture was concentrated under reduced
pressure, and the residue was diluted with diisopropyl ether,
and washed with water. The organic layer was dried over
anhydrous magnesium sulfate, and concentrated under
reduced pressure. The residue was immediately dissolved in
acetonitrile-water (2:1, 225 ml), and 1-tert-butyl 3-methyl
(3R,58)-5-{(2-methylpropyl)amino }piperidine-1,3-dicar-
boxylate (3.58 g) was added. Potassium carbonate (16 g) was
added, and the mixture was stirred at 80° C. for 19 hr. The
reaction mixture was concentrated under reduced pressure,
diluted with saturated aqueous ammonium chloride solution,
and the mixture was extracted with ethyl acetate. The extract
was dried over anhydrous magnesium sulfate, and concen-
trated under reduced pressure. The residue was subjected to
silica gel chromatography, and a fraction eluted with ethyl
acetate-hexane (5:95)-ethyl acetate-ethyl acetate-methanol
(85:15) was concentrated under reduced pressure to give the

object product (1.65 g).
MS (ESI+, m/e) 549 (M+1)

Reference Example 104

tert-butyl (3S,5R)-3-{{{7-fluoro-1-(4-methoxybu-
tyl)-1H-benzimidazol-2-yl}carbonyl }(2-methylpro-
pyDamino}-5-(morpholin-4-ylcarbonyl)piperidine-1-
carboxylate
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(3R,58)-1-(tert-Butoxycarbonyl)-5-[ {[ 7-fluoro-1-(4-

methoxybutyl)-1H-benzimidazol-2-yl]carbonyl }(2-methyl-
propyl)amino|piperidine-3-carboxylic acid (207 mg), mor-
pholine (87 pl), HOBt (40 mg) and triethylamine (210 pl)
were dissolved in DMF (10 ml), WSC.HCI (180 mg) was
added, and the mixture was stirred at 50° C. for 1 hr. The
reaction mixture was concentrated under reduced pressure,
diluted with saturated aqueous sodium hydrogen carbonate,
and the mixture was extracted with ethyl acetate. The extract
was dried over anhydrous magnesium sulfate and the solvent
was evaporated under reduced pressure. The residue was
subjected to silica gel column chromatography, and a fraction
eluted with ethyl acetate-hexane (1:9)-ethyl acetate was con-
centrated under reduced pressure to give the object product
(160 mg).

MS (ESI+, m/e) 618 (M+1)

Reference Example 105

tert-butyl (3R,58)-3-carbamoyl-5-{ {{7-fluoro-1-(4-
methoxybutyl)-1H-benzimidazol-2-y1}carbonyl } (2-
methylpropyl)amino }piperidine-1-carboxylate

Y N\/\/\O/

pré\f

(3R,58)-1-(tert-Butoxycarbonyl)-5-[ {[ 7-fluoro-1-(4-
methoxybutyl)-1H-benzimidazol-2-yl]carbonyl }(2-methyl-
propyl)amino|piperidine-3-carboxylic acid (360 mg), 1H-1,
2,3-benzotriazol-1-ol ammonium salt (250 mg) and
triethylamine (360 pl) were dissolved in DMF (10 ml),
WSC.HCI (315 mg) was added, and the mixture was stirred at
50° C. for 1 hr. The reaction mixture was concentrated under
reduced pressure, diluted with saturated aqueous sodium
hydrogen carbonate, and the mixture was extracted with ethyl
acetate. The extract was dried over anhydrous magnesium
sulfate and the solvent was evaporated under reduced pres-
sure. The residue was subjected to silica gel column chroma-
tography, and a fraction eluted with ethyl acetate-hexane
(3:7)-ethyl acetate-ethyl acetate-methanol (9:1) was concen-
trated under reduced pressure to give the object product (263
mg).

MS (ESI+, m/e) 548 (M+1)
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Reference Example 106

tert-butyl (3S,5R)-3-{{{7-fluoro-1-(4-methoxybu-
tyl)-1H-benzimidazol-2-yl }carbonyl }(2-methylpro-
pyDamino}-5-(4H-1,2,4-triazol-3-yl)piperidine-1-
carboxylate

\/\/\O

%Téw

tert-Butyl (3R,58)-3-carbamoyl-5-{ {{7-fluoro-1-(4-
methoxybutyl)-1H-benzimidazol-2-y1 }carbonyl } (2-methyl-
propyl)amino }piperidine-1-carboxylate (115 mg) was dis-
solved in dimethylformamide dimethylacetal (5 ml), and the
mixture was stirred at 100° C. for 15 hr. The reaction mixture
was concentrated under reduced pressure, and the residue was
dissolved in acetic acid (7 ml). Hydrazine monohydrate (48
ul) was added and the mixture was stirred at 80° C. for 3 hr.
The reaction mixture was concentrated under reduced pres-
sure, diluted with 0.5M aqueous sodium hydroxide solution,
and the mixture was extracted with ethyl acetate. The extract
was washed with saturated brine, and dried over anhydrous
magnesium sulfate. The solvent was evaporated under
reduced pressure. The residue was subjected to silica gel
column chromatography, and a fraction eluted with ethyl
acetate-ethyl acetate-methanol (9:1) was concentrated under
reduced pressure to give the object product (130 mg).

MS (ESI+, m/e) 572 (M+1)

Reference Example 107
tert-butyl (3S,5R)-3-{{{7-fluoro-1-(4-methoxybu-
tyl)-1H-benzimidazol-2-yl}carbonyl}(2-methylpro-

pyDamino }-5-(pyrrolidin-1-ylcarbonyl)piperidine-1-
carboxylate

A N\/\/\O/

XTGYO

(3R,55)-1-(tert-Butoxycarbonyl)-5-[{[ 7-fluoro-1-(4-
methoxybutyl)-1H-benzimidazol-2-y1]carbonyl} (2-methyl-
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propyl)amino|piperidine-3-carboxylic acid (1.65 g), pyrroli-
dine (500 pl), HOBt (270 mg) and triethylamine (1.27 ml)
were dissolved in DMF (50 ml), WSC.HCI (1.15 g) was
added, and the mixture was stirred at 50° C. for 1 hr. The
reaction mixture was concentrated under reduced pressure,
diluted with saturated aqueous sodium hydrogen carbonate,
and the mixture was extracted with ethyl acetate. The extract
was dried over anhydrous magnesium sulfate and the solvent
was evaporated under reduced pressure. The residue was
subjected to silica gel column chromatography, and a fraction
eluted with ethyl acetate-hexane (5:95)-ethyl acetate-ethyl
acetate-methanol (9:1) was concentrated under reduced pres-
sure to give the object product (170 mg).

MS (ESI+, m/e) 602 (M+1)

Example 50

7-fluoro-1-(4-methoxybutyl)-N-(2-methylpropyl)-N-
{(38,5R)-5-(morpholin-4-ylcarbonyl)piperidin-3-
yl}-1H-benzimidazole-2-carboxamide dihydrochlo-
ride

tert-Butyl  (3S,5R)-3-{{{7-fluoro-1-(4-methoxybutyl)-
1H-benzimidazol-2-yl }carbonyl}(2-methylpropyl)amino} -
5-(morpholin-4-ylcarbonyl)piperidine-1-carboxylate (160
mg) was dissolved in 2M hydrogen chloride-ethyl acetate (3
ml), and the mixture was stirred at room temperature for 10 hr.
The reaction mixture was concentrated under reduced pres-
sure. The residue was subjected to reversed-phase preparative
HPLC, and a fraction eluted with water-acetonitrile (9:1-6:4)
was collected, basified (pH 10) with saturated aqueous potas-
sium carbonate solution, and extracted with ethyl acetate. The
extract was dried over anhydrous magnesium sulfate, and
concentrated under reduced pressure. The residue was dis-
solved in 1M hydrogen chloride-ethyl acetate (1 ml), and the
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reaction mixture was concentrated under reduced pressure to
give the object product (104 mg).

MS (ESI+, m/e) 518 (M+1)
In the same manner as in Example 50, the following com-
pounds (Examples 51-52) were obtained.

Example 51

N-{(3S,5R)-5-carbamoylpiperidin-3-yl}-7-fluoro-1-
(4-methoxybutyl)-N-(2-methylpropyl)-1H-benzimi-
dazole-2-carboxamide dihydrochloride

W/\N 0
HN NI,
2HCI
(6]
MS (ESI+, m/e) 448 (M+1)
Example 52

7-fluoro-1-(4-methoxybutyl)-N-(2-methylpropyl)-N-
{(38,5R)-5-(pyrrolidin-1-ylcarbonyl)piperidin-3-y1} -
1H-benzimidazole-2-carboxamide dihydrochloride

MS (ESI+, m/e) 502 (M+1)
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Example 53

7-fluoro-1-(4-methoxybutyl)-N-(2-methylpropyl)-N-
{(38,5R)-5-(4H-1,2,4-triazol-3-yl)piperidin-3-y1} -
1H-benzimidazole-2-carboxamide dihydrochloride

L N
Ne N/> 26CI
tert-Butyl  (3S,5R)-3-{{{7-fluoro-1-(4-methoxybutyl)-

1H-benzimidazol-2-yl }carbonyl}(2-methylpropyl)amino} -
5-(4H-1,2,4-triazol-3-yl)piperidine-1-carboxylate (130 mg)
was dissolved in 2M hydrogen chloride-ethyl acetate (3 ml),
and the mixture was stirred at room temperature for 12 hr. The
reaction mixture was concentrated to give the object product
(91 mg).

MS (ESI+, m/e) 472 (M+1)

Reference Example 108

3-fluoro-N-(4-methoxybutyl)-2-nitroaniline

| 4/_/7O
O,N N

H

To a solution of 1,3-difluoro-2-nitrobenzene (3.00 g) and
diisopropylethylamine (7 pl) in acetonitrile (30 ml) was
added a solution of 4-methoxybutan-1-amine hydrochloride
(2.51 g) in acetonitrile (10 ml), and the mixture was stirred at
room temperature for 90 hr. The reaction mixture was con-
centrated under reduced pressure, and the residue was sub-
jected to silica gel column chromatography, and a fraction
eluted with ethyl acetate-hexane (2:98-25:75) was concen-
trated under reduced pressure to give the object product (2.90
g).

'H-NMR (CDCl) 8 1.65-1.84 (4H, m), 3.28 (2H, ddd),
3.35 (3H, s), 3.43 (2H, t), 6.41 (1H, ddd), 6.58 (1H, d),
7.22-7.32 (2H, m)
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Reference Example 109

6-fluoro-2-(4-methoxybutylamino)aniline

/

F 4/_/7O
H,N N

H

3-Fluoro-N-(4-methoxybutyl)-2-nitroaniline (2.90 g) was
dissolved in methanol (50 ml), palladium-carbon (5%, 230
mg) was added, and the mixture was stirred for 3 hr under a
hydrogen atmosphere. The reaction mixture was filtered
through celite, and the filtrate was concentrated under
reduced pressure to give the object product (2.54 g).

'"H-NMR (CDCl,) 8 1.64-1.79 (4H, m), 3.14 (2H, 1), 3.18-
3.32 (2H, m), 3.35 (3H, s), 3.43 (2H, 1), 3.53 (1H, brs), 6.42
(1H, d), 6.51 (1H, ddd), 6.73 (1H, td)

Reference Example 110

1-tert-butyl 3-methyl (3R,58)-5-{ {{4-fluoro-1-(4-
methoxybutyl)-1H-benzimidazol-2-y1}carbonyl } (2-
methylpropyl)amino }piperidine-1,3-dicarboxylate

N N
)
\(\N 0
><O\”/N O
(6] (6]
6-Fluoro-2-(4-methoxybutylamino)aniline (2.54 g) was
dissolved in acetic acid (90 ml), methyl 2,2,2-trichloroetha-
nimidate (1.48 ml) was added, and the mixture was stirred for
1.5 hr. The reaction mixture was concentrated under reduced
pressure, and the residue was suspended in toluene (50 ml)
and concentrated under reduced pressure. This operation was
repeated twice. The residue was immediately dissolved in
acetonitrile-water (3:1, 200 ml), 1-tert-butyl 3-methyl (3R,
58)-5-{(2-methylpropyl)amino } piperidine-1,3-dicarboxy-
late (3.70 g) was added, and potassium carbonate (16.5 g) was
added and the mixture was stirred at 80° C. for 19 hr. The
reaction mixture was concentrated under reduced pressure,
diluted with saturated aqueous ammonium chloride solution,
and extracted with ethyl acetate. The extract was dried over
anhydrous magnesium sulfate, and concentrated under
reduced pressure. The residue was subjected to silica gel
chromatography, and a fraction eluted with ethyl acetate-
hexane (5:95-1:1) was concentrated under reduced pressure

to give the object product (195 mg).
MS (ESI+, m/e) 563 (M+1)
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Reference Example 111

(3R,58)-1-(tert-butoxycarbonyl)-5-{{ {4-fluoro-1-(4-
methoxybutyl)-1H-benzimidazol-2-y1}carbonyl } (2-
methylpropyl)amino }piperidine-3-carboxylic acid

NIN o -
YN o
><O\”/N on
(6] (6]
1-tert-Butyl 3-methyl (3R,58)-5-{{{4-fluoro-1-(4-meth-
oxybutyl)-1H-benzimidazol-2-yl }carbonyl} (2-methylpro-
pyDamino }piperidine-1,3-dicarboxylate (195 mg) was dis-
solved in tetrahydrofuran-methanol (1:2, 15 ml), 2M aqueous
sodium hydroxide solution (1 ml) was added, and the mixture
was stirred at 45° C. for 4 hr. The reaction mixture was
concentrated under reduced pressure, neutralized with satu-
rated aqueous ammonium chloride solution and extracted
with ethyl acetate. The extract was dried over anhydrous
magnesium sulfate, concentration under reduced pressure to
give the object product (180 mg).
MS (ESI+, m/e) 549 (M+1)

In the same manner as in Reference Example 104, the
following compound (Reference Example 112) was obtained.

Reference Example 112

tert-butyl (3S,5R)-3-{{{4-fluoro-1-(4-methoxybu-
tyl)-1H-benzimidazol-2-yl }carbonyl}(2-methylpro-
pyDamino }-5-(morpholin-4-ylcarbonyl)piperidine-1-
carboxylate

NIN\/\/\O/
N

T
ho
XOTN O K

MS (ESI+, m/e) 618 (M+1)
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Example 54

4-fluoro-1-(4-methoxybutyl)-N-(2-methylpropyl)-N-
{(38,5R)-5-(morpholin-4-ylcarbonyl )piperidin-3-
yl}-1H-benzimidazole-2-carboxamide dihydrochlo-
ride

tert-Butyl  (3S,5R)-3-{{{4-fluoro-1-(4-methoxybutyl)-
1H-benzimidazol-2-yl}carbonyl} (2-methylpropyl)amino} -
5-(morpholin-4-ylcarbonyl)piperidine-1-carboxylate (75
mg) was dissolved in 3M hydrogen chloride-ethyl acetate (2
ml), and the mixture was stirred at room temperature for 30
min and concentrated to give the object product (67 mg).

MS (ESI+, m/e) 518 (M+1)
Reference Example 113

tert-butyl (3-methoxy-2-nitrophenyl)carbamate

\

o
0
0,N N—
2 H
O

3-Methoxy-2-nitrobenzoic acid (10.25 g) was suspended
in toluene (200 ml), and triethylamine (8.65 ml) and diphe-
nylphosphoryl azide (13.4 ml) were added dropwise at room
temperature. The mixture was stirred at 90° C. for 1.5 hr,
triethylamine (29 ml) and 2-methylpropan-2-ol (15 ml) were
added, and the mixture was further stirred at 90° C. for 2 hr.
The reaction mixture was concentrated under reduced pres-
sure, diluted with ethyl acetate, 0.5M hydrochloric acid (200
ml) was added, and the mixture was filtered through celite.
The organic layer of the filtrate was collected, washed with
saturated aqueous sodium hydrogen carbonate, dried over
anhydrous magnesium sulfate, and concentrated under
reduced pressure. The residue was subjected to silica gel
chromatography, and a fraction eluted with ethyl acetate-
hexane (5:95-1:1) was concentrated under reduced pressure
to give the object product (10.18 g).

HI-NMR (CDCl,)$ 1.50 (8H, 5),3.90 (3H, 5), 6.71 (1H, d),
7.39 (2H, 1), 7.55 (1H, brs), 7.77 (1H, d)
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Reference Example 114

tert-butyl
(4-methoxybutyl)(3-methoxy-2-nitrophenyl)carbamate

tert-Butyl (3-methoxy-2-nitrophenyl)carbamate (3.00 g)
and 4-methoxybutyl methanesulfonate (3.06 g) were dis-
solved in dimethylformamide (40 ml), cesium carbonate
(7.30 g) was added, and the mixture was stirred at 65° C. for
4 hr. The reaction mixture was concentrated under reduced
pressure, diluted with water, and the mixture was extracted
with ethyl acetate. The extract was washed with saturated
brine, and dried over anhydrous magnesium sulfate and con-
centrated under reduced pressure. The residue was subjected
to silica gel chromatography, and a fraction eluted with ethyl
acetate-hexane (5:95-7:3) was concentrated under reduced
pressure to give the object product (2.11 g).

'"H-NMR (CDCls) 8 1.36 (SH, br s), 1.47-1.71 (6H, m),
3.30(3H, s),3.37 (2H,1),3.91 (3H, s), 6.86 (1H, d), 6.98 (1H,
d), 7.40 (1H, t)

Reference Example 115

3-methoxy-N-(4-methoxybutyl)-2-nitroaniline

\ /

O 4/_/7O
0:N N

H

tert-Butyl(4-methoxybutyl)(3-methoxy-2-nitrophenyl)
carbamate (2.11 g) was dissolved in ethyl acetate (30 ml), 4M
hydrogen chloride-ethyl acetate (15 ml) was added, and the
mixture was stirred for 12 hr. The reaction mixture was con-
centrated under reduced pressure, diluted with saturated
aqueous sodium hydrogen carbonate, and the mixture was
extracted with ethyl acetate. The extract was dried over anhy-
drous magnesium sulfate, concentration under reduced pres-
sure to give the object product (1.50 g).

'H-NMR (CDCls) 8 1.60-1.80 (4H, m), 3.21 (2H, ddd),
3.34 (3H, s), 3.41 (2H, 1), 3.87 (3H, s), 6.17 (1H, br s), 6.25
(1H, d), 6.37 (1H, d), 7.22 (1H, 1)
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Reference Example 116

6-methoxy-2-(4-methoxybutylamino)aniline

\ /

O 4/_/7O
LN N

H

3-Methoxy-N-(4-methoxybutyl)-2-nitroaniline (230 mg)
was dissolved in methanol (30 ml), palladium-carbon (5%, 90
mg) was added, and the mixture was stirred for 2 hr under a
hydrogen atmosphere. The reaction mixture was filtered
through celite, and the filtrate was concentrated under
reduced pressure to give the object product (210 mg).

'"H-NMR (CDCl;) 8 1.67-1.78 (4H, m), 3.10-3.20 (2H, m),
3.31-3.47 (5H, m), 3.35 (3H, s), 3.84 (3H, s), 6.37 (1H, dd),
6.40 (1H, dd), 6.77 (1H, t)

Reference Example 117

tert-butyl (3S,5R)-3-{{({2-methoxy-6-{(4-methoxy-
butyl)amino }phenyl }amino)(oxo)acetyl} (2-methyl-
propyl)amino } -5-(morpholin-4-ylcarbonyl)piperi-
dine-1-carboxylate

O
o NN

H
O, NH

e
XW@T@

6-Methoxy-2-(4-methoxybutylamino)aniline (210 mg),
{{(3S,5R)-1-(tert-butoxycarbonyl)-5-(morpholin-4-ylcarbo-
nyl)piperidin-3-y1}(2-methylpropyl)amino} (oxo)acetic acid
(308 mg), HOBt (97 mg) and triethylamine (370 pul) were
dissolved in 1,2-dichloroethane (15 ml), WSC.HCI1 (430 mg)
was added, and the mixture was stirred at 60° C. for 2 hr. The
reaction mixture was concentrated under reduced pressure,
diluted with saturated aqueous sodium hydrogen carbonate,
and the mixture was extracted with ethyl acetate. The extract
was dried over anhydrous magnesium sulfate and the solvent
was evaporated under reduced pressure. The residue was
subjected to silica gel column chromatography, and a fraction
eluted with ethyl acetate-hexane (2:8)-ethyl acetate was con-
centrated under reduced pressure to give the object product
(240 mg).

MS (ESI+, m/e) 648 (M+1)

In the same manner as in Reference Example 103, the
following compound (Reference Example 118) was obtained.
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Reference Example 118 Reference Example 120
(3R,58)-1-(tert-butoxycarbonyl)-5 -{{{4-methoxy-1- tert-butyl (3S,5R)-3-{{{4-methoxy-1-(4-methoxybu-
(4-methoxybutyl)-1 H-be1}21m.1d.azol-2-yl}car b.onyl.} tyl)-1H-benzimidazol-2-yl }carbonyl}(2-methylpro-
(2-methylpropyl)amino } piperidine-3-carboxylic acid 5 pyDamino}-5-(4H-1,2.4-triazol-3-yl)piperidine-1-
carboxylate
\O 10 \
(6]
AN N\/\/\O/
N N
15 \ \/\/\O/
>< éw/ 20 @/
25
MS (ESI+, m/e) 561 (M+1) 30
In the same manner as in Reference Example 105, the
following compound (Reference Example 119) was obtained. MS (ESI+, m/e) 584 (M+1)
In the same manner as in Reference Example 107, the
following compound (Reference Example 121) was obtained.
35
Reference Example 119 Reference Example 121
tert-butyl (3R,58)-3-carbamoyl-5-{{{4-methoxy-1-
(4-methoxybutyl)-1H-benzimidazol-2-yl}carbonyl} tert-butyl (3S,5R)-3- {{{4-methoxy-1-(4-methoxybu-
(2-methylpropyl)amino }piperidine-1-carboxylate 40 tyD)-1 H-benz1m1dazo.l-2 -yl}carbonyl}(2 -meth}{lpr 0-
pyDamino }-5-(pyrrolidin-1-ylcarbonyl)piperidine-1-
carboxylate
\O 45
\O
N\/\/\
O
50 N N\/\/\
X o
X é\f 55 GYO
60
MS (ESI+, m/e) 560 (M+1) 65

In the same manner as in Reference Example 106, the
following compound (Reference Example 120) was obtained. MS (ESI+, m/e) 614 (M+1)
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Reference Example 122

tert-butyl (3S,5R)-3-{{{4-methoxy-1-(4-methoxybu-

tyl)-1H-benzimidazol-2-yl}carbonyl}(2-methylpro-

pyDamino }-5-(piperidin-1-ylcarbonyl)piperidine-1-
carboxylate

\

e}

N N\/\/\O/

XYG\(O

(3R,58)-1-(tert-Butoxycarbonyl)-5-{ { {4-methoxy-1-(4-
methoxybutyl)-1H-benzimidazol-2-yl} carbonyl} (2-methyl-
propyl)amino }piperidine-3-carboxylic acid (205 mg), piperi-
dine (69 pl), HOBt (40 mg) and triethylamine (140 pl) were
dissolved in DMF (10 ml), WSC.HCI (134 mg) was added,
and the mixture was stirred at 50° C. for 1 hr. The reaction
mixture was concentrated under reduced pressure, diluted
with saturated aqueous sodium hydrogen carbonate, and the
mixture was extracted with ethyl acetate. The extract was
washed with saturated brine, and dried over anhydrous mag-
nesium sulfate. The solvent was evaporated under reduced
pressure. The residue was subjected to silica gel column
chromatography, and a fraction eluted with ethyl acetate-
hexane (1:9)-ethyl acetate was concentrated under reduced
pressure to give the object product (65 mg).

MS (ESI+, m/e) 628 (M+1)

Example 55
4-methoxy-1-(4-methoxybutyl)-N-(2-methylpropyl)-
N-{(3S,5R)-5-(morpholin-4-ylcarbonyl )piperidin-3-

yl}-1H-benzimidazole-2-carboxamide dihydrochlo-
ride

\

e}

N N

J O
N 6]

\r\

tert-Butyl  (3S,5R)-3-{{({2-methoxy-6-{(4-methoxybu-
tyDamino }phenyl}amino)  (oxo)acetyl}(2-methylpropyl)
amino }-5-(morpholin-4-ylcarbonyl)piperidine-1-carboxy-

10

15

30

35

40

45

50

55

60

65

186

late (240 mg) was dissolved in acetic acid (5 ml), and the
mixture was stirred at 80° C. for 14 hr. The reaction mixture
was concentrated under reduced pressure, the residue was
dissolved in 2M hydrogen chloride-ethyl acetate (3 ml), and
the mixture was stirred at room temperature for 2 hr and
concentrated under reduced pressure. The residue was sub-
jected to reversed-phase preparative HPLC, and a fraction
eluted with water-acetonitrile (9:1-6:4) was collected, bas-
ified (pH 10) with saturated aqueous potassium carbonate
solution, and extracted with ethyl acetate. The extract was
dried over anhydrous magnesium sulfate, and concentrated
under reduced pressure. The residue was dissolved in 0.7M
hydrogen chloride-ethyl acetate (1.2 ml), and the mixture was
concentrated under reduced pressure to give the object prod-
uct (79 mg).

MS (ESI+, m/e) 530 (M+1)

In the same manner as in Example 50 or Example 53, the
following compounds (Examples 56-59) were obtained.

Example 56
N-{(3S,5R)-5-carbamoylpiperidin-3-y1}-4-methoxy-

1-(4-methoxybutyl)-N-(2-methylpropyl)-1H-benz-
imidazole-2-carboxamide dihydrochloride

\

e}

N

N

IN\/\/\O/

2HCI

MS (ESI+, m/e) 460 (M+1)
Example 57
4-methoxy-1-(4-methoxybutyl)-N-(2-methylpropyl)-

N-{(3S,5R)-5-(4H-1,2,4-triazol-3-yl)piperidin-3-y1} -
1H-benzimidazole-2-carboxamide dihydrochloride

o

W/\NO

O

i
N

/> 2HCL
~N

MS (ESI+, m/e) 484 (M+1)
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Example 58

4-methoxy-1-(4-methoxybutyl)-N-(2-methylpropyl)-

N-{(3S,5R)-5-(pyrrolidin-1-ylcarbonyl)piperidin-3-

yl}-1H-benzimidazole-2-carboxamide dihydrochlo-
ride

\

N

IN\/\/\O/

YNO
LD

2HCI

MS (ESI+, m/e) 514 (M+1)

Example 59

4-methoxy-1-(4-methoxybutyl)-N-(2-methylpropyl)-
N-{(3S,5R)-5-(piperidin-1-ylcarbonyl)piperidin-3-
yl}-1H-benzimidazole-2-carboxamide dihydrochlo-

ride
\
o)
NIN\/\/\O/
W/\N 0
HN N

2HCI

MS (ESI+, m/e) 528 (M+1)
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Reference Example 123

tert-butyl (5-methoxy-2-nitrophenyl)carbamate

5-Methoxy-2-nitrobenzoic acid (10.30 g) was suspended
in toluene (200 ml), triethylamine (9 ml) and diphenylphos-
phoryl azide (14 ml) were added dropwise at room tempera-
ture, and the mixture was stirred at 95° C. for 1.5 hr. Triethy-
lamine (29 ml) and 2-methylpropan-2-ol (15 ml) were added,
and the mixture was further stirred at 95° C. for 3 hr. The
reaction mixture was concentrated under reduced pressure,
and diluted with ethyl acetate. 0.5M Hydrochloric acid (200
ml) was added, and the mixture was filtered through celite.
The organic layer of the filtrate was collected, washed with
saturated aqueous sodium hydrogen carbonate, dried over
anhydrous magnesium sulfate, and concentrated under
reduced pressure. The residue was subjected to silica gel
chromatography, and a fraction eluted with ethyl acetate-
hexane (5:95-1:1) was concentrated under reduced pressure
to give the object product (13.28 g).

'"H-NMR (CDCl,) 8 1.55 (9H, s), 3.92 (3H, s), 6.58 (1H,
dd), 8.16 (1H, s), 8.18 (1H, d), 10.10 (1H, br s)

In the same manner as in Reference Example 114, the
following compound (Reference Example 124) was obtained.

Reference Example 124

tert-butyl
(4-methoxybutyl)(5-methoxy-2-nitrophenyl)carbamate

_ )
o:<o

>

'H-NMR (CDCl,) 8 1.25-1.54 (9H, m), 1.54-1.81 (4H, m),
3.30 (3H, s), 3.34-3.44 (2H, m), 3.56-3.79 (2H, m), 3.89 (3H,
s), 6.72-6.89 (2H, m), 7.96-8.09 (1H, m)

In the same manner as in Reference Example 115, the
following compound (Reference Example 125) was obtained.



US 9,221,836 B2

189
Reference Example 125

5-methoxy-N-(4-methoxybutyl)-2-nitroaniline

/

fﬁo
O)N N

H

'H-NMR (CDCl,) § 1.68-1.88 (4H, m), 3.27-3.35 (2H, m),
3.35(3H,s),3.45 (2H,1),3.87 (3H, s), 6.15 (1H, d), 6.23 (1H,
dd), 8.14 (1H, d), 8.32 (1H, br s)

In the same manner as in Reference Example 116, the
following compound (Reference Example 126) was obtained.

Reference Example 126

4-methoxy-2-(4-methoxybutylamino)aniline

/

fﬁo
N N

H

'H-NMR (CDCL,) & 1.65-1.81 (4H, m), 2.99 (2H, br s),
3.06-3.16 (2H, m), 3.35 (3H, 5), 3.38-3.47 (2H, m), 3.75 (3H,
s), 3.70 (1H, br s), 6.17 (1H, dd), 6.25 (1H, d), 6.64 (1H, d)

Reference Example 127

6-methoxy-1-(4-methoxybutyl)-2-(trichloromethyl)-
1H-benzimidazole

AN N\/\/\O/

Cl Cl

Cl

4-Methoxy-2-(4-methoxybutylamino)aniline (2.50 g) was
dissolved in acetic acid (30 ml), methyl 2,2,2-trichloroetha-
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nimidate (1.62 ml) was added, and the mixture was stirred for
1.5 hr. The reaction mixture was concentrated under reduced
pressure, and the residue was diluted with diisopropyl ether,
and washed with water. The organic layer was dried over
anhydrous magnesium sulfate, and concentrated under
reduced pressure to give the object product (1.75 g).

MS (ESI+, m/e) 351 (M+1)

Reference Example 128

tert-butyl (3S,5R)-3-{{{6-methoxy-1-(4-methoxybu-

tyl)-1H-benzimidazol-2-yl }carbonyl }(2-methylpro-

pyDamino}-5-(morpholin-4-ylcarbonyl)piperidine-1-
carboxylate

NIN\/\/\O/
N

Y
N
XOTN O P

6-Methoxy-1-(4-methoxybutyl)-2-(trichloromethyl)-1H-
benzimidazole (330 mg) was dissolved in acetonitrile-water
(2:1, 50 ml), and tert-butyl (3S,5R)-3-{(2-methylpropyl)
amino}-5-(morpholin-4-ylcarbonyl)piperidine-1-carboxy-
late (350 mg) was added. Potassium carbonate (1.3 g) was
added, and the mixture was stirred at 80° C. for 5 hr. The
reaction mixture was concentrated under reduced pressure,
acidified (pH 3) with 6M hydrochloric acid, and the mixture
was extracted with ethyl acetate. The extract was dried over
anhydrous magnesium sulfate, and concentrated under
reduced pressure. The residue was subjected to silica gel
chromatography, and a fraction eluted with ethyl acetate-
hexane (3:7)-ethyl acetate was concentrated under reduced
pressure. The residue was further subjected to reversed-phase
preparative HPLC, and a fraction eluted with water-acetoni-
trile (9:1-6:4) was collected, basified (pH 10) with saturated
aqueous potassium carbonate solution, and extracted with
ethyl acetate. The extract was dried over anhydrous magne-
sium sulfate, and concentrated under reduced pressure to give
the object product (82 mg).
MS (ESI+, m/e) 630 (M+1)
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Reference Example 129

(3R,58)-1-(tert-butoxycarbonyl)-5-{{ { 6-methoxy-1-
(4-methoxybutyl)-1H-benzimidazol-2-y1}carbonyl }
(2-methylpropyl)amino } piperidine-3-carboxylic acid

o—

N\/\/\O

pré\(

6-Methoxy-1-(4-methoxybutyl)-2-(trichloromethy1)-1H-
benzimidazole (1.42 g) was dissolved in acetonitrile-water
(2:1, 150 ml), 1-tert-butyl 3-methyl (3R,5S)-5-{(2-methyl-
propyl)ammo}plpendlne 1,3-dicarboxylate (1.02 g) was
added, potasstum carbonate (5.5 g) was added and the mix-
ture was stirred at 80° C. for 19 hr. The reaction mixture was
concentrated under reduced pressure, acidified (pH 3) with
6M hydrochloric acid, and extracted with ethyl acetate. The
extract was dried over anhydrous magnesium sulfate, and
concentrated under reduced pressure. The residue was sub-
jected to silica gel chromatography, and a fraction eluted with
ethyl acetate-hexane (5:95)-ethyl acetate-ethyl acetate-
methanol (85:15) was concentrated under reduced pressure.
The residue was subjected to reversed-phase preparative
HPLC, and a fraction eluted with water-acetonitrile (9:1-6:4)
was collected, basified (pH 10) with saturated aqueous potas-
sium carbonate solution, and extracted with ethyl acetate. The
extract was dried over anhydrous magnesium sulfate, and
concentrated under reduced pressure to give the object prod-
uct (460 mg).

MS (ESI+, m/e) 561 (M+1)

In the same manner as in Reference Example 105, the
following compound (Reference Example 130) was obtained.

Reference Example 130
tert-butyl (3R,58)-3-carbamoyl-5-{{{6-methoxy-1-
(4-methoxybutyl)-1H-benzimidazol-2-yl}carbonyl }
(2-methylpropyl)amino }piperidine-1-carboxylate

o—

A N\/\/\O/

Xré\r
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MS (ESI+, m/e) 560 (M+1)
In the same manner as in Reference Example 107, the
following compound (Reference Example 131) was obtained.

Reference Example 131

tert-butyl (3S,5R)-3-{{{6-methoxy-1-(4-methoxybu-

tyl)-1H-benzimidazol-2-yl }carbonyl }(2-methylpro-

pyDamino }-5-(pyrrolidin-1-ylcarbonyl)piperidine-1-
carboxylate

A N\/\/\O/

XTG\(O

MS (ESI+, m/e) 614 (M+1)
Example 60

6-methoxy-1-(4-methoxybutyl)-N-(2-methylpropyl)-

N-{(3S,5R)-5-(morpholin-4-ylcarbonyl)piperidin-3-

yl}-1H-benzimidazole-2-carboxamide dihydrochlo-
ride

tert-Butyl (3S,5R)-3-{{{6-methoxy-1-(4-methoxybutyl)-
1H-benzimidazol-2-yl}carbonyl} (2-methylpropyl)amino} -
5-(morpholin-4-ylcarbonyl)piperidine-1-carboxylate (82
mg) was dissolved in 2M hydrogen chloride-ethyl acetate (3
ml), and the mixture was stirred at room temperature for 1 hr
and concentrated to give the object product (78 mg).

MS (ESI+, m/e) 530 (M+1)

In the same manner as in Example 60, the following com-
pounds (Examples 61-62) were obtained.
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Example 61

N-{(3S,5R)-5-carbamoylpiperidin-3-yl}-6-methoxy-
1-(4-methoxybutyl)-N-(2-methylpropyl)- 1H-benz-
imidazole-2-carboxamide dihydrochloride

O —_—
NIN\/\/\O/
w/\ N o
HN NH,
0 2HCL

MS (ESI+, m/e) 460 (M+1)

Example 62

6-methoxy-1-(4-methoxybutyl)-N-(2-methylpropyl)-

N-{(3S,5R)-5-(pyrrolidin-1-ylcarbonyl)piperidin-3-

yl}-1H-benzimidazole-2-carboxamide dihydrochlo-
ride

DO

W/\NO
LD

2HCI

MS (ESI+, m/e) 514 (M+1)
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Reference Example 132

tert-butyl (3S,5R)-3-{(1H-benzimidazol-2-ylcarbo-
nyl)(2-methylpropyl)amino}-5-(morpholin-4-ylcar-
bonyl)piperidine-1-carboxylate

NINH
\(\N 0
9
Ny N
(6] (6]
2-(Trichloromethyl)-1H-benzimidazole (2.00 g) and tert-
butyl (3S,5R)-3-{(2-methylpropyl)amino}-5-(morpholin-4-
ylcarbonyl)piperidine-1-carboxylate (2.84 g) were dissolved
in tetrahydrofuran-water (3:2,150 ml), sodium hydrogen car-
bonate (6.45 g) was added and the mixture was stirred at room
temperature for 1 hr. The reaction mixture was concentrated
under reduced pressure, diluted with water, and the mixture
was extracted with ethyl acetate. The extract was washed with
saturated brine, dried over anhydrous magnesium sulfate, and
concentrated under reduced pressure. The precipitated white
solid was collected by filtration, washed with ethyl acetate-
hexane (1:1) and dried to give the object product (3.03 g).
'"H-NMR (CDCl;) 8 0.86-1.01 (6H, m), 1.30-1.50 (9H, m),
1.89-2.64 (3H, m), 2.68-3.08 (2H, m), 3.22-4.01 (10H, m),
4.07-4.44 (3H, m), 5.53-6.12 (1H, m), 7.27-7.42 (2H, m),

7.52 (1H, 1), 7.61-7.86 (1H, m), 10.15-10.52 (1H, m)
MS (ESI+, m/e) 514 (M+1)

Reference Example 133
tert-butyl (3S,5R)-3-{(2-methylpropyl){{1-(2-phe-

nylethyl)-1H-benzimidazol-2-yl}carbonyl }amino} -
5-(morpholin-4-ylcarbonyl)piperidine-1-carboxylate

X
XOTN O K
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tert-Butyl  (3S,5R)-3-{(1H-benzimidazol-2-ylcarbonyl)
(2-methylpropyl)amino } -5-(morpholin-4-ylcarbonyl)piperi-
dine-1-carboxylate (147 mg) was dissolved in dimethylfor-
mamide (12 ml), (2-bromoethyl)benzene (58 pl) and cesium
carbonate (200 mg) were added and the mixture was stirred at
65° C. for 3 hr. (2-Bromoethyl)benzene (58 ul) was added,
and the mixture was further stirred for 2 hr. The reaction
mixture was concentrated under reduced pressure, diluted
with water, and extracted with ethyl acetate. The extract was
washed with saturated brine, dried over anhydrous magne-
sium sulfate, and concentrated under reduced pressure. The
residue was subjected to silica gel chromatography, and a
fraction eluted with ethyl acetate-hexane (1:9)-ethyl acetate
was concentrated under reduced pressure to give the object
product (164 mg).

MS (ESI+, m/e) 618 (M+1)

Reference Example 134
2-(thiophen-2-yl)ethyl methanesulfonate

S

2-(Thiophen-2-yl)ethanol (1.05 g) was dissolved in tet-
rahydrofuran (25 ml), triethylamine (1.63 ml) and methane-
sulfonyl chloride (725 pl) were added and the mixture was
stirred for 20 min. Saturated aqueous sodium hydrogen car-
bonate (50 ml) was added to the reaction mixture, and the
mixture was extracted with diisopropyl ether. The extract was
washed with saturated brine, dried over anhydrous magne-
sium sulfate, and concentrated under reduced pressure to give
the object product (1.62 g).

'H-NMR (CDCl,) 8 2.93 (3H, ), 3.28 (2H, ddd), 4.42 (2H,
1), 6.90-6.93 (1H, m), 6.96 (1H, dd), 7.20 (1H, dd)

Reference Example 135

tert-butyl (3S,5R)-3-{(2-methylpropyl){{1-(2-
(thiophen-2-yl)ethyl)-1H-benzimidazol-2-
yl}carbonyl}amino }-5-(morpholin-4-ylcarbonyl)
piperidine-1-carboxylate

\(\ N 0
9
D e
(6] (6]
tert-Butyl  (3S,5R)-3-{(1H-benzimidazol-2-ylcarbonyl)
(2-methylpropyl)amino } -5-(morpholin-4-ylcarbonyl )piperi-
dine-1-carboxylate (150 mg) was dissolved in dimethylfor-
mamide (10 ml), 2-(thiophen-2-yl)ethyl methanesulfonate

(90 mg) and cesium carbonate (190 mg) were added and the
mixture was stirred at 65° C. for 30 min. 2-Thiophen-2-
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ylethyl methanesulfonate (90 mg) was added, and the mixture
was further stirred for 1 hr. The reaction mixture was concen-
trated under reduced pressure, diluted with water, and
extracted with ethyl acetate. The extract was washed with
saturated brine, dried over anhydrous magnesium sulfate, and
concentrated under reduced pressure. The residue was sub-
jected to silica gel chromatography, and a fraction eluted with
ethyl acetate-hexane (1:9)-ethyl acetate was concentrated
under reduced pressure to give the object product (156 mg).

MS (ESI+, m/e) 624 (M+1)
In the same manner as in Example 60, the following com-
pounds (Examples 63-64) were obtained.

Example 63

N-(2-methylpropyl)-N-{(3S,5R)-5-(morpholin-4-
ylcarbonyl)piperidin-3-yl}-1-(2-phenylethyl)-1H-
benzimidazole-2-carboxamide dihydrochloride

HN N
2HCI
(6]
MS (ESI+, m/e) 518 (M+1)
Example 64

N-(2-methylpropyl)-N-{(3S,5R)-5-(morpholin-4-
ylcarbonyl)piperidin-3-y1}-1-(2-(thiophen-2-y1)
ethyl)-1H-benzimidazole-2-carboxamide dihydro-
chloride

P

MS (ESI+, m/e) 524 (M+1)

In the same manner as in the method shown in Reference
Example 106, the compound described in the following Ref-
erence Example 136 was obtained.
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Reference Example 136

tert-butyl (3S,5R)-3-{{{1-(4-methoxybutyl)-1H-
benzimidazol-2-yl}carbonyl} (2-methylpropyl)
amino}-5-(4H-1,2,4-triazol-3-yl)piperidine-1-car-
boxylate

N\/\/\/

YTéY/>

MS (ESI+, m/e) 454 (M+1)
Reference Example 137

tert-butyl (3R,58)-3-cyano-5-{{{1-(4-methoxybu-
tyl)-1H-benzimidazol-2-yl}carbonyl}(2-methylpro-
pyDamino }piperidine-1-carboxylate

N

IN\/\/\O/

YN o
T

tert-Butyl  (3R,58)-3-carbamoyl-5-{{{1-(4-methoxybu-
tyl)-1H-benzimidazol-2-yl}carbonyl} (2-methylpropyl)
amino }piperidine-1-carboxylate (1.01 g) was dissolved in
pyridine (10 ml), trifluoroacetic anhydride (570 ul) was added
at 0° C., and the mixture was stirred at room temperature for
2 hr. The reaction mixture was concentrated under reduced
pressure, and diluted with ethyl acetate. 1M Hydrochloric
acid was added, and the mixture was extracted with ethyl
acetate. The extract was washed with saturated brine, dried
over anhydrous magnesium sulfate, and concentrated under
reduced pressure. The residue was subjected to silica gel
chromatography, and a fraction eluted with ethyl acetate-
hexane (5:95)-ethyl acetate was concentrated under reduced
pressure to give the object product (1.01 g).

MS (ESI+, m/e) 512 (M+1)
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Reference Example 138

tert-butyl (3S,5R)-3-{{{1-(4-methoxybutyl)-1H-
benzimidazol-2-yl}carbonyl} (2-methylpropyl)
amino}-5-(1,2,4-oxadiazol-3-yl)piperidine-1-car-
boxylate

N

N
I \/\/\O/
N 0

ﬁ/o\ﬂ/N
(6]
Hydroxylamine hydrochloride (383 mg) was dissolved in
dimethyl sulfoxide (10 ml), and the mixture was stirred at 40°
C. for 30 min. Sodium hydrogen carbonate (463 mg) was
added, and the mixture was stirred at 50° C. for 1 hr. A
solution of tert- butyl (3R,5S)-3-cyano-5-{{{1-(4-methoxy-
butyl)-1H-benzimidazol- 2-y1gcarbonyl}(2-methylpr0pyl)
amino }piperidine-1-carboxylate (282 mg) in dimethyl sul-
foxide (10 ml) was further added, and the mixture was stirred
at90° C. for 3 hr. The reaction mixture was allowed to cool to
room temperature, diluted with water, and extracted with
ethyl acetate. The extract was dried over anhydrous magne-
sium sulfate, and concentrated under reduced pressure. The
residue was dissolved in trimethyl orthoformate (5 ml) and
the mixture was stirred at 100° C. for 4 hr. The reaction
mixture was concentrated under reduced pressure, and the
residue was subjected to silica gel chromatography, and a
fraction eluted with ethyl acetate-hexane (5:95-3:7) was con-
centrated under reduced pressure to give the object product

(230 mg).
MS (ESI+, m/e) 555 (M+1)

N
=\

O
N/

Reference Example 139
tert-butyl (3S,5R)-3-{{{1-(4-methoxybutyl)-1H-
benzimidazol-2-yl}carbonyl} (2-methylpropyl)
amino }-5-(5-0x0-4,5-dihydro-1,2,4-oxadiazol-3-yl)
piperidine-1-carboxylate

\/\/\O

WVTGY
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Hydroxylamine hydrochloride (418 mg) was dissolved in
dimethyl sulfoxide (10 ml), and the mixture was stirred at 40°
C. for 30 min. Sodium hydrogen carbonate (506 mg) was
added, and the mixture was stirred at 50° C. for 1 hr. A
solution of tert-butyl (3R,5S)-3-cyano-5-{{{1-(4-methoxy-
butyl)-1H-benzimidazol-2-yl}carbonyl }(2-methylpropyl)
amino }piperidine-1-carboxylate (308 mg) in dimethyl sul-
foxide (10 ml) was further added, and the mixture was stirred
at 90° C. for 3 hr. The reaction mixture was allowed to cool to
room temperature, diluted with water, and the mixture was
extracted with ethyl acetate. The extract was dried over anhy-
drous magnesium sulfate, concentrated under reduced pres-
sure, and the residue was dissolved in tetrahydrofuran (15
ml). 1,1'-Carbonylbis(1H-imidazole) (490 mg) and 1,8-
diazabicycloq{5.4.0}undec-7-ene (450 ul) were added and the
mixture was stirred at room temperature for 1 hr. The reaction
mixture was concentrated under reduced pressure, and the
residue was diluted with ethyl acetate. The mixture was
washed with 0.5M hydrochloric acid and saturated brine,
dried over anhydrous magnesium sulfate, and concentrated
under reduced pressure. The residue was subjected to silica
gel chromatography, and a fraction eluted with ethyl acetate-
hexane (5:95)-ethyl acetate was concentrated under reduced
pressure to give the object product (256 mg).

MS (ESI+, m/e) 571 (M+1)
Reference Example 140

tert-butyl (3S,5R)-3-{{{1-(4-methoxybutyl)-1H-
benzimidazol-2-yl}carbonyl} (2-methylpropyl)
amino}-5-(1H-tetrazol-5-yl)piperidine-1-carboxylate

\/\/\O

%Téw

tert-Butyl  (3R,5S)-3-cyano-5-{{{1-(4-methoxybutyl)-
1H-benzimidazol-2-yl }carbonyl}(2-methylpropyl)
amino }piperidine-1-carboxylate (320 mg) was dissolved in
tetrahydrofuran (20 ml), azido(trimethyl)silane (1.5 ml) and
dibutyl(oxo)stannane (100 mg) were added, and the mixture
was heated under reflux with stirring for 43 hr. The reaction
mixture was concentrated under reduced pressure, and the
residue was subjected to silica gel chromatography, and a
fraction eluted with ethyl acetate-ethyl acetate-methanol
(8:2) was concentrated under reduced pressure to give the
object product (304 mg).

MS (ESI+, m/e) 555 (M+1)

In the same manner as in Example 60, the following com-
pounds (Examples 65-68) were obtained.
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Example 65

1-(4-methoxybutyl)-N-(2-methylpropyl)-N-{(3S,
5R)-5-(4H-1,2,4-triazol-3-yl)piperidin-3-y1}-1H-
benzimidazole-2-carboxamide dihydrochloride

/Z
A\

2HCI
MS (ESI+, m/e) 454 (M+1)
Example 66
N-{(3S,5R)-5-cyanopiperidin-3-y1}-1-(4-methoxy-

butyl)-N-(2-methylpropyl)-1H-benzimidazole-2-
carboxamide dihydrochloride

\r\ N o
}H\ij\ 2HCL
CN

MS (ESI+, m/e) 412 (M+1)
Example 67
1-(4-methoxybutyl)-N-(2-methylpropyl)-N-{(3S,

5R)-5-(1,2,4-0xadiazol-3-yl)piperidin-3-yl }-1H-
benzimidazole-2-carboxamide dihydrochloride

/Z
A\

2HCL
MS (ESI+, m/e) 455 (M+1)
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Example 68

1-(4-methoxybutyl)-N-(2-methylpropyl)-N-{(3S,
5R)-5-(5-0x0-4,5-dihydro-1,2 4-oxadiazol-3-y1)pip-
eridin-3-yl}-1H-benzimidazole-2-carboxamide dihy-
drochloride

DO
\hN 5

HN

N
— \
6]
N 2HC
H

6}

MS (ESI+, m/e) 471 (M+1)
Example 69

1-(4-methoxybutyl)-N-(2-methylpropyl)-N-{(3S,
5R)-5-(1H-tetrazol-5-yl)piperidin-3-y1}-1H-benzimi-
dazole-2-carboxamide dihydrochloride

NIN\/\/\O/
\(\N o

HN

H
N
[~
N
2HCI

tert-Butyl  (3S,5R)-3-{{{1-(4-methoxybutyl)-1H-benz-
imidazol-2-yl}carbonyl}(2-methylpropyl)amino}-5-(1H-
tetrazol-5-yl)piperidine-1-carboxylate (304 mg) was dis-
solved in 2M hydrogen chloride-ethyl acetate (2 ml), and the
mixture was stirred at room temperature for 1 hr. The reaction
mixture was concentrated, and ethyl acetate-diisopropyl
ether was added. The precipitate was collected by filtration,
and washed with ethyl acetate-diisopropyl ether to give the
object product (219 mg).

MS (ESI+, m/e) 455 (M+1)

In the same manner as in Reference Example 106, the
following compound (Reference Example 141) was obtained.
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Reference Example 141

tert-butyl (3S,5R)-3-[{[5-fluoro-1-(4-methoxybutyl)-
1H-benzimidazol-2-yl]carbonyl}(2-methylpropyl)
amino|-5-(4H-1,2,4-triazol-3-yl)piperidine-1-car-
boxylate

DO

N

(6]
H
N
W
N

XY
O
MS (ESI+, m/e) 572 (M+1)

Reference Example 142

tert-butyl (3S,5R)-3-{[(benzyloxy)carbonyl](2-meth-
ylpropyl)amino }-5-(hydroxymethyl)piperidine-1-
carboxylate

Wy

Powder calcium chloride (0.49 g) was suspended in etha-
nol (10 ml), sodium borohydride (0.34 g) was added while
cooling to 0° C., and the mixture was stirred at 0° C. for 30
min. A solution (10 ml) of 1-tert-butyl 3-methyl (3R,5S)-5-{
[(benzyloxy)carbonyl](2-methylpropyl)amino }piperidine-1,
3-dicarboxylate (1.00 g) in THF was added to the reaction
suspension, and the mixture was stirred at 0° C. for 8 hr. 5%
Aqueous sodium hydrogen sulfate solution was added to the
reaction mixture for neutralization and the mixture was
extracted with ethyl acetate. The extract was washed with
saturated brine, and dried over anhydrous magnesium sulfate.
The solvent was evaporated under reduced pressure to give
the object product (0.88 g) as an oil.

HI-NMR (CDCl,) § 0.90 (6H, d), 1.22-1.38 (3H, m), 1.46
(9H, 5), 1.69 (1H, dt), 2.23-2.39 (2H, m), 2.44-2.59 (1H, m),
2.47 (2H, d), 2.74 (1H, br s), 3.69 (3H, 5), 4.18-4.34 (2H, m)
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Reference Example 143

tert-butyl (3S,55)-3-[(2-methylpropyl)amino]-5-[ (2-
oxopyrrolidin-1-yl)methyl]|piperidine-1-carboxylate

T
Webs

To a solution of tert-butyl (38,5R)-3-{[(benzyloxy)carbo-
nyl](2-methylpropyl)amino }-5-(hydroxymethyl)piperidine-
1-carboxylate (0.47 g) in THF (15 ml) were added phthalim-
ide (0.40 g), diisopropyl azodicarboxylate (1.59 g) and
triphenylphosphine (0.66 g) at room temperature, and the
mixture was stirred at room temperature for 15 hr. The reac-
tion mixture was concentrated under reduced pressure, the
residue was diluted with water, and the mixture was extracted
with ethyl acetate. The extract was washed with saturated
brine, dried over anhydrous sodium sulfate, and concentrated
under reduced pressure. The obtained residue was subjected
to silica gel chromatography, and a fraction eluted with ethyl
acetate-hexane (1:9-1:2) was concentrated under reduced
pressure. The obtained residue was dissolved in ethanol (10
ml), hydrazine hydrate (95 ul) was added, and the mixture
was heated under reflux for 3 hr. The mixture was allowed to
cool to room temperature, the precipitate was filtered off, and
the filtrate was concentrated under reduced pressure. The
residue was dissolved in THF (5 ml), diisopropylethylamine
(0.29 ul) and 4-bromobutyryl chloride (0.16 ml) were added
at 0° C., and the mixture was stirred at 0° C. for 1 hr. The
reaction mixture was diluted with water, and extracted with
ethyl acetate. The extract was washed with saturated brine,
dried over anhydrous sodium sulfate, and concentrated under
reduced pressure. The residue was dissolved in THF (10 ml),
potassium tert-butoxide (0.38 g) was added at 0° C., and the
mixture was stirred at 0° C. for 1 hr. The reaction mixture was
concentrated under reduced pressure, and the residue was
diluted with water, and the mixture was extracted with ethyl
acetate. The extract was washed with saturated brine, dried
over anhydrous sodium sulfate, and concentrated under
reduced pressure. The obtained residue was subjected to
silica gel chromatography, and a fraction eluted with ethyl
acetate-hexane (1:3-1:0) was concentrated under reduced
pressure. The residue was dissolved in ethanol (10 ml), and
10% palladium-carbon (50% in water: 50 mg) was added. The
reaction mixture was stirred under a hydrogen (normal pres-
sure) at room temperature for 15 hr. The palladium catalyst
was filtered off, and the filtrate was concentrated under
reduced pressure to give the object product (0.30 g).

'H-NMR (CDCl,) 8 0.90 (6H, d), 1.45 (11H, s), 1.68 (1H,
dv), 2.04 (2H, qd), 1.77-2.10 (2H, m), 2.21-2.54 (6H, m), 3.18
(2H, br s), 3.40 (2H, ddd), 4.02 (1H, br s), 4.26 (1H, brs)

In the same manner as in Reference Example 64, the fol-
lowing compound (Reference Example 144) was obtained.
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Reference Example 144

tert-butyl (3S,58)-3-[(1H-benzimidazol-2-ylcarbo-
nyl)(2-methylpropyl)amino]-5-[(2-oxopyrrolidin-1-
yDmethyl|piperidine-1-carboxylate

N NH
AN

YNIZ
o O

MS (ESI+, m/e) 498 (M+1)

In the same manner as in Reference Example 69, the fol-
lowing compound (Reference Example 145) was obtained.

Reference Example 145

tert-butyl (3S,58)-3-[{[1-(4-methoxybutyl)-1H-benz-
imidazol-2-yl]carbonyl}(2-methylpropyl)amino]-5-
[(2-oxopyrrolidin-1-yl)methyl|piperidine-1-carboxy-
late

/

)
N\ N\/\/\
\(\NIO
O
><O\”/N Tli>
O
MS (ESI+, m/e) 584 (M+1)

In the same manner as in Example 60, the following com-
pound (Example 70) was obtained.
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Example 70

1-(4-methoxybutyl)-N-(2-methylpropyl)-N-{(3S,
5R)-5-[(2-oxopyrrolidin-1-yl)methyl|piperidin-3-
yl}-1H-benzimidazole-2-carboxamide dihydrochlo-
ride

MS (ESI+, m/e) 484 (M+1)

Reference Example 146

tert-butyl (3S,5R)-3-[{[1-(4-methoxybutyl)-1H-ben-
zimidazol-2-yl|carbonyl}(2-methylpropyl)amino]-5-
(morpholin-4-ylcarbonyl)piperidine-1-carboxylate

N N

~

N o

S
XOTN O *

A solution of tert-butyl (3S,5R)-3-[(1H-benzimidazol-2-
ylcarbonyl)(2-methylpropyl)amino]-5-(morpholin-4-ylcar-
bonyl)piperidine-1-carboxylate (200 mg), 4-methoxybutyl
methanesulfonate (107 mg) and cesium carbonate (254 mg)
in N,N-dimethylacetamide (5 ml) was stirred at 60° C. for 15
hr. After cooling to room temperature, the reaction mixture
was diluted with water and extracted with ethyl acetate (10
mlx2). The extract was washed with saturated brine, and dried
over anhydrous magnesium sulfate. The solvent was evapo-
rated under reduced pressure. The residue was subjected to
silica gel column chromatography, and a fraction eluted with
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ethyl acetate-hexane (5:95-3:7) was concentrated under
reduced pressure to give the object product (190 mg).

Reference Example 147

1-(tert-butoxycarbonyl)-5-(methoxycarbonyl)piperi-
dine-3-carboxylic acid

><o\l(l/N 0

1-tert-Butyl 3,5-dimethyl piperidine-1,3,5-tricarboxylate
(75 g) was dissolved in methanol (375 ml), and 2M aqueous
sodium hydroxide solution (125 ml) was added dropwise at
room temperature. The reaction mixture was stirred at room
temperature for 14 hr, and methanol was evaporated under
reduced pressure. The concentrate was diluted with saturated
aqueous sodium hydrogen carbonate solution (100 ml) and
washed twice with ethyl acetate. The basic aqueous layer was
acidified (pH 2) with 6M hydrochloric acid, and the mixture
was extracted with ethyl acetate. The extract was dried over
anhydrous magnesium sulfate, and the solvent was evapo-
rated under reduced pressure to give the object product (71 g).

'H-NMR (CDCl,) 8 1.33-1.50 (9H, m), 1.60-1.82 (1H, m),
1.96-2.22 (1H, m), 2.41-2.58 (2H, m), 2.62-2.91 (2H, m),
3.34-3.91 (1H, m), 3.71 (3H, s), 437 (1H, br s), 7.55-8.47
(1H, m)

Example 71

1-(4-methoxybutyl)-N-(2-methylpropyl)-N-[(3S,5R)-
5-(morpholin-4-ylcarbonyl)piperidin-3-yl]-1H-benz-
imidazole-2-carboxamide
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tert-Butyl (3S,5R)-3-[{[1-(4-methoxybutyl)-1H-benzimi-
dazol-2-yl]carbonyl }(2-methylpropyl)amino]-5-(morpho-
lin-4-ylcarbonyl)piperidine-1-carboxylate (5.85 g) was dis-
solved in methanol (20 ml), 4M hydrogen chloride-ethyl
acetate (20 ml) was added, and the mixture was stirred at
room temperature for 15 hr. The reaction mixture was con-
centrated, the residue was diluted with aqueous sodium bicar-
bonate, and the mixture was extracted with ethyl acetate. The
extract was washed with saturated brine, and dried over anhy-
drous sodium sulfate. The solvent was evaporated under
reduced pressure. The residue was subjected to basic silica
gel column chromatography, and a fraction eluted with ethyl
acetate-methanol (9:1) was concentrated under reduced pres-
sure to give the object product (4.40 g).

MS (ESI+, m/e) 500 (M+1)

Example 72

1-(4-methoxybutyl)-N-(2-methylpropyl)-N-[(3S,5R)-
5-(morpholin-4-ylcarbonyl)piperidin-3-yl]-1H-benz-
imidazole-2-carboxamide methanesulfonate

DO
W/\N 0
0
HN N \\S _OH
N\
o 0

Crude crystals (163 g) of 1-(4-methoxybutyl)-N-(2-meth-
ylpropyl)-N-[(3S,5R)-5-(morpholin-4-ylcarbonyl)piperidin-
3-yl]-1H-benzimidazole-2-carboxamide methanesulfonate
were dissolved in 2-butanone (1600 ml) with heating (65° C.),
and heptane (1600 ml) was added dropwise while keeping at
60° C. or above. The seed crystal was added, and the mixture
was stirred at 50-55° C. for 1 hr and at room temperature for
12 hr and filtered. The crystals were washed with a small
amount of 2-butanone-heptane (mixing ratio 1:2), and dried
under reduced pressure to give the object product (155.6 g).

'H-NMR (DMSO-dg) 8 0.68-0.74 (2H, m), 0.89-0.99 (4H,
m), 1.42-1.60 (2H, m), 1.70-1.87 (2H, m), 1.95-2.17 (2H, m),
2.15-2.39 (4H, m), 2.80-3.85 (20H, m), 4.15-4.40 (3H, m),
7.25-7.43 (2H, m), 7.62-7.75 (2H, m), 8.30 (1H, br s), 9.09
(1H, brs)

MS (ESI+, m/e) 500 (M+1)

melting point: 137-138° C.
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Reference Example 149

tert-butyl (3S,5R)-3-[{[1-(4-methoxybutyl)-1H-ben-

zimidazol-2-yl]carbonyl}(2-methylpropyl)amino]-5-

[methoxy(methyl)carbamoyl|piperidine-1-carboxy-
late

\/\/\O

Xré\w

(3R,55)-1-(tert-Butoxycarbonyl)-5-[ {[ 1-(4-methoxybu-
tyl)-1H-benzimidazol-2-yl]carbonyl } (2-methylpropyl)
amino|piperidine-3-carboxylic acid (7.5 g), WSC.HCL (4.06
g) and HOBt (3.25 g) were dissolved in DMF (50 ml),
N-methoxymethylamine hydrochloride (1.38 g) and triethy-
lamine (7.88 ml) were added and the mixture was stirred at
room temperature for 15 hr. The reaction mixture was diluted
with water, and the mixture was extracted with ethyl acetate.
The extract was washed with water and brine, and dried over
anhydrous sodium sulfate. The solvent was evaporated under
reduced pressure. The residue was subjected to silica gel
column chromatography, and a fraction eluted with ethyl
acetate-hexane (1:4-9:1) was concentrated under reduced
pressure to give the object product (4.76 g).

'H-NMR (CDCl,) $ 0.73 (3H, d), 1.01 (3H, dd), 1.30 (4H,
s), 1.48 (SH, s), 1.67 (2H, dt), 1.91-2.03 (2H, m), 2.20 (1H, t),
2.41(1H, q), 2.60-3.13 (5H, m), 3.15-3.24 (3H, m), 3.32 (3H,
d), 3.34-3.47 (3H, m), 3.67-3.81 (3H, m), 3.92-4.47 (SH, m),
7.27-7.40 (2H, m), 7.41-7.53 (1H, m), 7.72 (1H, dd), 7.84
(1H, d)

MS (ESI+, m/e) 574 (M+1)

Reference Example 150

tert-butyl (3S,5R)-5-acetyl-3-[ {[1-(4-methoxybutyl)-
1H-benzimidazol-2-yl]carbonyl}(2-methylpropyl)
amino |piperidine-1-carboxylate
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To a solution of tert-butyl (3S,5R)-3-[{[1-(4-methoxybu-
tyl)-1H-benzimidazol-2-yl]carbonyl }(2-methylpropyl)
amino |-5-[methoxy(methyl)carbamoyl]piperidine-1-car-
boxylate (1.06 g) in THF (20 ml) was added 1M-methyl
magnesium bromide-THF solution (9.24 ml), and the mixture
was stirred at room temperature for 5 hr. The reaction mixture
was poured into saturated aqueous ammonium chloride solu-
tion, and the mixture was extracted with ethyl acetate. The
extract was washed with water and saturated brine, and dried
over anhydrous sodium sulfate. The solvent was evaporated
under reduced pressure. The residue was subjected to silica
gel column chromatography, and a fraction eluted with ethyl
acetate-hexane (1:9-3:2) was concentrated under reduced
pressure to give the object product (0.59 g).

'H-NMR (CDCl,) § 0.76 (3H, d), 1.01 (3H, d), 1.31 (4H,
s), 1.49 (5H, s), 1.79 (2H, br s), 2.00 (2H, br s), 2.21 (3H, s),
2.27-2.47 (2H, m), 2.56 (1H, br s), 2.74 (2H, d), 3.22-3.37
(3H, m), 3.42 (3H, 1), 3.78 (2H, br s), 4.31 (5H, d), 7.28-7.41
(2H,m), 7.45(1H,d),7.79 (1H, d) MS (ESI+, m/e) 529 (M+1)

Reference Example 151

tert-butyl (3R,5S)-3-(1-hydroxyethyl)-5-[{[1-(4-
methoxybutyl)-1H-benzimidazol-2-yl|carbonyl}(2-
methylpropyl)amino|piperidine-1-carboxylate

><O\(L|/N

To a solution of tert-butyl (3R,5S)-3-acetyl-5-[{[1-(4-
methoxybutyl)-1H-benzimidazol-2-yl]carbonyl }(2-methyl-
propyl)amino|piperidine-1-carboxylate (0.40 g) in ethanol
(10 ml) was added sodium borohydride (29 mg), and the
mixture was stirred at room temperature for 1 hr. The reaction
mixture was concentrated under reduced pressure, and the
residue was diluted with water. The mixture was acidified
with 5% aqueous potassium hydrogen sulfate solution, and
extracted with ethyl acetate. The extract was washed with
water and saturated brine, and dried over anhydrous sodium
sulfate. The solvent was evaporated under reduced pressure.
The residue was subjected to silica gel column chromatogra-
phy, and a fraction eluted with ethyl acetate-hexane (1:9-3:1)
was concentrated under reduced pressure to give the object
product (0.40 g).

'H-NMR (CDCl,) 8 0.77 (4H, dd), 1.02 (2H, d), 1.16-1.27
(3H, m), 1.33 (41, d), 1.48 (7H, s), 1.83 (11, brs), 1.98 (2H,
d), 2.11-2.90 (3H, m), 3.30 (1H, d), 3.33 (3L, s), 3.35-3.46
(3H, m), 3.66 (41, br s), 4.17-4.48 (41, m), 7.28-7.40 (2H,
m), 7.40-7.48 (1H, m), 7.79 (1M, d)

MS (ESI+, m/e) 531 (M+1)

OH
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Reference Example 152

tert-butyl (3S,5R)-3-[{[1-(4-methoxybutyl)-1H-ben-
zimidazol-2-yl]carbonyl}(2-methylpropyl)amino]-5-
propanoyl-piperidine-1-carboxylate

XY
(6]

To a solution of tert-butyl (3S,5R)-3-[{[1-(4-methoxybu-
tyl)-1H-benzimidazol-2-yl]carbonyl } (2-methylpropyl)
amino]-5-[methoxy(methyl)carbamoyl]piperidine-1-car-
boxylate (22.7 g) in THF (20 ml) was added
1Methylmagnesium bromide-THF solution (119 ml) at room
temperature, and the mixture was stirred at room temperature
for 5 hr. The reaction mixture was poured into saturated
aqueous ammonium chloride solution, and the mixture was
extracted with ethyl acetate. The extract was washed with
water and saturated brine, and dried over anhydrous sodium
sulfate. The solvent was evaporated under reduced pressure.
The residue was subjected to silica gel column chromatogra-
phy, and a fraction eluted with ethyl acetate-hexane (1:9-3:2)
was concentrated under reduced pressure to give the object

product (14.96 g).
MS (ESI+, m/e) 543 (M+1)

e}

Reference Example 153

tert-butyl (3R,58)-3-(1-hydroxypropyl)-5-[{[1-(4-
methoxybutyl)-1H-benzimidazol-2-yl|carbonyl}(2-
methylpropyl)amino]piperidine-1-carboxylate

XN
(6]
To a solution of tert-butyl (3S,5R)-3-[{[1-(4-methoxybu-
tyl)-1H-benzimidazol-2-yl]carbonyl } (2-methylpropyl)
amino]-5-propanoyl-piperidine-1-carboxylate (2.60 g) in

ethanol (30 ml) was added sodium borohydride (181 mg), and
the mixture was stirred at room temperature for 1 hr. The

OH



US 9,221,836 B2

211

reaction mixture was concentrated under reduced pressure,
and the residue was diluted with water, acidified with 5%
aqueous potassium hydrogen sulfate solution, and extracted
with ethyl acetate. The extract was washed with water and
saturated brine, and dried over anhydrous sodium sulfate. The
solvent was evaporated under reduced pressure. The residue
was subjected to silica gel column chromatography, and a
fraction eluted with ethyl acetate-hexane (1:9-1:1) was con-
centrated under reduced pressure to give the object product
(2.02 g).

'H-NMR (CDCl,) 8 0.76 (4H, d), 0.91-1.08 (5H, m), 1.33
(3H, d), 1.48 (6H, s), 1.55 (2H, d), 1.64-1.90 (5H, m), 1.91-
2.03 (2H, m), 2.10-2.42 (2H, m), 2.59 (1H, d), 3.31 (1H, d),
3.33 (2H, 5), 3.42 (4H, 1), 3.65 (2H, br 5), 4.17-4.46 (4H, m),
7.27-7.39 (2H, m), 7.39-7.51 (1H, m), 7.69-7.85 (1H, m)

MS (ESI+, m/e) 545 (M+1)

Example 73

N-{(3S,5R)-5-[(1R)-1-hydroxy-2-methoxyethyl]
piperidin-3-y1}-1-(4-methoxybutyl)-N-(2-methylpro-
pyD)-1H-benzimidazole-2-carboxamide dihydrochlo-

ride (Example 73-1) and N-{(3S,5R)-5-[(1S)-1-

hydroxy-2-methoxyethyl]|piperidin-3-y1}-1-(4-
methoxybutyl)-N-(2-methylpropyl)-1H-
benzimidazole-2-carboxamide dihydrochloride
(Example 73-2)

N

WA

DO

2HCI

OMe

afE ]
OI||

Q

N

DO

v

2HCI

OMe

OH

tert-Butyl (3R,5S)-3-(1-hydroxy-2-methoxyethyl)-5-[ {[1-
(4-methoxybutyl)-1H-benzimidazol-2-yl|carbonyl}(2-me-
thylpropyl)amino|piperidine-1-carboxylate (1.34 g) was
optically resolved by normal phase chiral HPL.C under the
following conditions to give a first elution component (598
mg) and a second elution component (549 mg).
column: CHIRALPAK IC 50 mm IDx500 mmL
mobile phase: hexane-ethanol (700:300)
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flow rate: 60 ml/min

temperature: 30° C.

detection: UV (220 nm)

injection volume-concentration: 300 mg/load (5§ mg/ml)
The obtained first elution component (495 mg) was dis-

solved in ethanol (1 ml), 12M hydrochloric acid (0.70 ml) was

added and the mixture was stirred at room temperature for 1

hr. The reaction mixture was concentrated under reduced

pressure, and the residue was dissolved in ethanol, and etha-

nol was evaporated under reduced pressure. This operation

was repeated twice to give the object product (425 mg) of

Example compound 73-1.

Example 73-1 Spectrum Data

'"H-NMR (CDCl,) 8 0.71 (2H, dd), 0.95 (4H, dd), 1.38-
1.63 (2H, m), 1.66-1.86 (3H, m), 1.86-2.04 (1H, m), 2.12 (2H,
dd), 2.59-2.91 (1H, m), 3.02 (1H, d), 3.09-3.22 (4H, m),
3.24-3.39 (9H, m), 3.50 (2H, brs), 3.62 (1H, brs), 4.15 (2H,
brs), 4.21-4.39 (2H, m), 7.15-7.53 (2H, m), 7.55-7.87 (2H,
m), 8.33-9.18 (1H, m), 9.43 (1H, brs)

MS (ESI+, m/e) 461 (M+1)

The obtained second elution component (447 mg) was
dissolved in ethanol (1 ml), 12M hydrochloric acid (0.70 ml)
was added at room temperature and the mixture was stirred
for 1 hr. The reaction mixture was concentrated under
reduced pressure, the residue was dissolved in ethanol, and
ethanol was evaporated under reduced pressure. This opera-
tion was repeated twice to give the object product (365 mg) of
Example compound 73-2.

Example 73-2 Spectrum Data

'[I-.NMR (CDCl;) & 0.71 (2H, dd), 0.81-1.12 (4H, m),
131-1.61 (2H, m), 1.62-1.98 (5H, m), 1.98-2.23 (2H, m),
2.57-2.87 (1H, m), 3.14 (1H, d), 3.18-3.23 (3H. m), 3.23-3.39
(10H, m), 3.39-3.63 (3H, m), 4.23-4.38 (311, m), 7.16-7.51
(2H, m), 7.55-7.86 (2H, m), 8.29-9.11 (1H, m), 9.38 (1H, br
s)

MS (BSI+, m/e) 461 (M+1)

Example 74

N-{(3S,5R)-5-[(1S)-1-hydroxyethyl]|piperidin-3-y1} -
1-(4-methoxybutyl)-N-(2-methylpropyl)-1H-benz-
imidazole-2-carboxamide dihydrochloride (Example
74-1) and N-{(3S,5R)-5-[(1R)-1-hydroxyethyl]|pip-
eridin-3-yl}-1-(4-methoxybutyl)-N-(2-methylpro-
pyD-1H-benzimidazole-2-carboxamide dihydrochlo-
ride (Example 74-2)

N

S G

2HCI

el
Oln
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-continued

N

IN\/\/\O/

Y\N o
2HCL

OH

tert-Butyl  (3R,5S)-3-(1-hydroxyethyl)-5-[ {[1-(4-meth-
oxybutyl)-1H-benzimidazol-2-yl|carbonyl } (2-methylpro-
pyDamino|piperidine-1-carboxylate (3.2 g) was optically
resolved by normal phase chiral HPL.C under the following
conditions to give a first elution component (1.31 g) and a
second elution component (1.22 g).
column: CHIRALPAK IC 50 mm IDx500 mmL
mobile phase: hexane-ethanol (900:100)
flow rate: 80 ml/min
temperature: 30° C.
detection: UV (220 nm)
injection volume-concentration: 300 mg/load (5 mg/ml)

The obtained first elution component (1.1 g) was dissolved
in 10% hydrogen chloride containing methanol solution (40
ml), and the mixture was stirred at room temperature for 15 hr.
The reaction mixture was concentrated under reduced pres-
sure, the residue was dissolved in ethanol, and ethanol was
evaporated under reduced pressure. This operation was
repeated twice to give the object product (0.90 g) of Example
compound 74-1.

Example 74-1 Spectrum Data

'H-NMR (CDCl,) 8 0.72 (3H, dd), 0.84-1.18 (7H, m),
1.45-1.66 (3H, m), 1.67-1.98 (3H, m), 2.00-2.19 (2H, m),
2.54-2.81 (1H, m), 2.92-3.23 (5H, m), 3.25-3.40 (4H, m),
3.40-3.70 (3H, m), 4.07-4.47 (3H, m), 7.23-7.51 (2H, m),
7.54-7.91 (2H, m), 8.56-9.55 (1H, m), 9.86 (1M, d)

MS (ESI+, m/e) 431 (M+1)

The obtained second elution component (1.0 g) was dis-
solved in 10% hydrogen chloride containing methanol solu-
tion (40 ml) was stirred at room temperature for 15 hr. The
reaction mixture was concentrated under reduced pressure,
the residue was dissolved in ethanol, and ethanol was evapo-
rated under reduced pressure. This operation was repeated
twice to give the object product (0.86 g) of Example com-
pound 74-2.

Example 74-2 Spectrum Data

'H-NMR (CDCl,) § 0.71 (3H, dd), 0.94 (3H, d), 1.09 (3H,
dd), 1.27-1.64 (3H, m), 1.70 (1H, s), 1.74-2.00 (4H, m),
2.00-2.29 (1H, m), 2.54-2.76 (1H, m), 3.11 (1H, d), 3.20 (41,
d), 3.24-3.62 (7H, m), 4.32 (3H, d), 7.16-7.54 (2H, m), 7.72
(2H, q), 8.27-9.22 (1H, m), 9.36-9.56 (1H, m)

MS (ESI+, m/e) 431 (M+1)
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Example 75

N-{(3S,5R)-5-[(18)-1-hydroxypropyl]piperidin-3-
yl1}-1-(4-methoxybutyl)-N-(2-methylpropyl)-1H-
benzimidazole-2-carboxamide dihydrochloride (Ex-
ample 75-1) and N-{(3S,5R)-5-[(1R)-1-
hydroxypropyl]piperidin-3-y1}-1-(4-methoxybutyl)-
N-(2-methylpropyl)-1H-benzimidazole-2-
carboxamide dihydrochloride (Example 75-2)

N

IN\/\/\O/
(6]

YN
2HCL
HN

A

NIN\/\/\O/
0

N

jus)
Qi

H

2HCI

OH

tert-Butyl (3R,5S)-3-(1-hydroxypropyl)-5-[ {[1-(4-meth-
oxybutyl)-1H-benzimidazol-2-yl]carbonyl }(2-methylpro-
pyDamino]piperidine-1-carboxylate (2.11 g) was optically
resolved by normal phase chiral HPLC under the following
conditions to give a first elution component (1.26 g) and a
second elution component (1.70 g).
column: CHIRALPAK IC 50 mm IDx500 mmL
mobile phase: hexane-ethanol (900:100)
flow rate: 80 ml/min
temperature: 30° C.
detection: UV (220 nm)
injection volume-concentration: 300 mg/load (5§ mg/ml)
The obtained first elution component (1.03 g) was dis-
solved in ethanol (2 ml), 12M hydrochloric acid (1.5 ml) was
added and the mixture was stirred at room temperature for 1
hr. The reaction mixture was concentrated under reduced
pressure, the residue was dissolved in ethanol, and ethanol
was evaporated under reduced pressure. This operation was
repeated twice to give the object product (0.95 g) of Example
compound 75-1.

Example 75-1 Spectrum Data

'H.NMR (CDCl,) & 0.71 (2H, dd), 0.79-1.11 (7H, m),
1.32-1.58 (4H, m), 1.60-1.68 (1H, m), 1.70-1.85 (3L, m).
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1.87-2.20 (2H, m), 2.59-2.87 (1H, m), 3.00 (1, d), 3.08-3.23
(4H, m), 3.23-3.41 (6H, m), 3.49 (1, d), 3.89-4.23 (2H, m),
4.23-4.55 (2H, m), 7.16-7.52 (2H, m), 7.55-7.86 (2H, m),
8.24-9.18 (1M, m), 9.21-9.57 (1H, m)

MS (ESI+, m/e) 445 (M+1)

The obtained second elution component (0.85 g) was dis-
solved in ethanol (2 ml), 12M hydrochloric acid (1.5 ml) was
added and the mixture was stirred at room temperature for 1
hr. The reaction mixture was concentrated under reduced
pressure, the residue was dissolved in ethanol, and ethanol
was evaporated under reduced pressure. This operation was
repeated twice to give the object product (0.78 g) of Example
compound 75-2.

Example 75-2 Spectrum Data

'H-NMR (CDCl,) 8 0.71 (2H, dd), 0.78-1.01 (7H, m),
1.26-1.66 (4H, m), 1.66-1.86 (4H, m), 1.93 (1H, d), 2.02-2.23
(1H, m), 2.53-2.84 (1H, m), 3.03-3.24 (5H, m), 3.31 (5H, q),
3.37-3.56 (2H, m), 4.16 (2H, brs), 4.22-4.44 (2H, m), 7.16-
7.54 (2H, m), 7.54-7.87 (2H, m), 8.16-9.27 (1H, m), 9.36-
9.84 (1H, m)

MS (ESI+, m/e) 445 (M+1)

Example 76

N-[(3S,5R)-5-(1-hydroxypropyl)piperidin-3-yl]-1-
(4-methoxybutyl)-N-(2-methylpropyl)-1H-benzimi-
dazole-2-carboxamide dihydrochloride

2HCI

To a solution of tert-butyl (3R,5S)-3-(1-hydroxypropyl)-5-
[{[1-(4-methoxybutyl)-1H-benzimidazol-2-yl|carbonyl}(2-
methylpropyl)amino]piperidine-1-carboxylate (200 mg) in
ethanol (1 ml) was added 12M hydrochloric acid (0.30 ml),
and the mixture was stirred at room temperature for 1 hr. The
reaction mixture was concentrated under reduced pressure,
the residue was dissolved in ethanol, and ethanol was evapo-
rated under reduced pressure. This operation was repeated
twice to give the object product (140 mg).

MS (ESI+, m/e) 445 (M+1)
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Reference Example 154

tert-butyl (3S,5R)-3-[{[1-(4-methoxybutyl)-1H-ben-
zimidazol-2-yl]carbonyl}(2-methylpropyl)amino]-5-
(1H-pyrazol-1-ylmethyl)piperidine-1-carboxylate

N\N

\(\NIO
NZ==
><O\”/N 1|\1:>
(6]

To a solution of tert-butyl (3R,5S)-3-(hydroxymethyl)-5-
[{[1-(4-methoxybutyl)-1H-benzimidazol-2-yl|carbonyl}(2-
methylpropyl)amino|piperidine-1-carboxylate (517 mg) and
triethylamine (0.21 ml) in ethyl acetate (20 ml) was added
dropwise methanesulfonyl chloride (0.09 ml) at 0° C., and the
mixture was stirred at 0° C. for 1 hr. The reaction mixture was
washed with water and saturated brine, and dried over anhy-
drous sodium sulfate. The solvent was evaporated under
reduced pressure. The residue was dissolved in DMF (5 ml),
pyrazole (136 mg) and cesium carbonate (489 mg) were
added and the mixture was stirred at 90° C. for 7 hr. The
reaction mixture was cooled to room temperature, diluted
with water and extracted with ethyl acetate. The extract was
washed with water and brine, and dried over anhydrous
sodium sulfate. The solvent was evaporated under reduced
pressure. The residue was subjected to silica gel column
chromatography, and a fraction eluted with ethyl acetate-
hexane (1:9 to 1:0) was concentrated under reduced pressure

to give the object product (105 mg).
MS (ESI+, m/e) 567 (M+1)

Reference Example 155
tert-butyl (3S,5R)-3-[{[1-(4-methoxybutyl)-1H-ben-

zimidazol-2-yl]carbonyl}(2-methylpropyl)amino]-5-
(1H-1,2,4-triazol-1-ylmethyl)piperidine-1-carboxy-

late
NIN\/\/\O/
\‘/\N o
NFF\
| N
N/
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A solution of tert-butyl (3R,5S)-3-(hydroxymethyl)-5-[{
[1-(4-methoxybutyl)-1H-benzimidazol-2-yl|carbonyl }(2-
methylpropyl)amino|piperidine-1-carboxylate (208 mg),
1,3,4-triazole (52 mg), triphenylphosphine (262 mg) and
diisopropyl azodicarboxylate (40% toluene solution, 632 mg)
in THF (5 ml) was stirred at 50° C. for 15 hr. The reaction
mixture was concentrated under reduced pressure, diluted
with water and ethyl acetate, and the organic layer was sepa-
rated. The organic layer was washed with saturated brine, and
dried over anhydrous sodium sulfate. The solvent was evapo-
rated under reduced pressure. The residue was subjected to
silica gel column chromatography, and a fraction eluted with
ethyl acetate-hexane (1:5-1:0) and ethyl acetate-methanol
(1:0-9:1) was concentrated under reduced pressure. The resi-
due was subjected to basic silica gel column chromatography,
and a fraction eluted with ethyl acetate-hexane (1:9 to 3:1)
was concentrated under reduced pressure to give the object
product (180 mg).

MS (ESI+, m/e) 568 (M+1)

In the same manner as in Example 60, the following com-
pounds (Examples 77-79) were obtained.

Example 77
1-(4-methoxybutyl)-N-(2-methylpropyl)-N-[(3S,5R)-

5-(1H-pyrazol-1-ylmethyl)piperidin-3-yl]-1H-benz-
imidazole-2-carboxamide trihydrochloride

N\/\/\O

3HCI

@3

MS (ESI+, m/e) 467 (M+1)
Example 78

1-(4-methoxybutyl)-N-(2-methylpropyl)-N-[(3S,5R)-
5-(1H-1,2,4-triazol-1-ylmethyl)piperidin-3-y1]-1H-
benzimidazole-2-carboxamide dihydrochloride

N\ N
YNIO
A\
HN Il‘l\/N

MS (ESI+, m/e) 468 (M+1)
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Example 79

N-[(3S,5R)-5-acetylpiperidin-3-yl]-1-(4-methoxybu-
ty])-N-(2-methylpropyl)-1H-benzimidazole-2-car-
boxamide dihydrochloride

2HCI

MS (ESI+, m/e) 429 (M+1)

In the same manner as in Reference Example 149, the
following compound (Reference Example 156) was obtained.

Reference Example 156

tert-butyl (3S,5R)-3-[{[6-fluoro-1-(4-methoxybutyl)-
1H-benzimidazol-2-yl]carbonyl}(2-methylpropyl)
amino]-5-[methoxy(methyl)carbamoyl|piperidine-1-
carboxylate

N N\/\/\O/

Xwé\f

MS (ESI+, m/e) 592 (M+1)

In the same manner as in Reference Example 150, the
following compound (Reference Example 157) was obtained.
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Reference Example 157 Example 80

tert-butyl (3R,58)-3-acetyl-5-[ {[6-fluoro-1-(4-meth-
oxybutyl)-1H-benzimidazol-2-yl]carbonyl}(2-meth-
ylpropyl)amino]piperidine-1-carboxylate

6-fluoro-N-[(3S,5R)-5-(1-hydroxyethyl)piperidin-3-
y1]-1-(4-methoxybutyl)-N-(2-methylpropyl)-1H-
benzimidazole-2-carboxamide dihydrochloride

w

10 F

NIN\/\/\O/ 15
N

\(\ 0
2HCL
20
XY
(@] (@]
25
MS (ESI+, m/e) 547 (M+1) “

In the same manner as in Reference Example 151, the
following compound (Reference Example 158) was obtained.

MS (ESI+, m/e) 449 (M+1)

In the same manner as in Reference Example 69, the fol-

lowing compounds (Reference Examples 159-160) were
Reference Example 158 obtained.

tert-butyl (3S,5R)-3-[{[6-fluoro-1-(4-methoxybutyl)-
1H-benzimidazol-2-yl]carbonyl}(2-methylpropyl)

amino]-5-(1-hydroxyethyl)piperidine-1-carboxylate 0
Reference Example 159
F 1-tert-butyl 3-methyl (3R,5S)-5-{[(1-ethyl-1H-benz-
45 imidazol-2-yl)carbonyl](2-methylpropyl)
amino }piperidine-1,3-dicarboxylate
50

\(\N o
. A
T
XYY
MS (ESI+, m/e) 549 (M+1) o 0 0

In the same manner as in Example 76, the following com-
pound (Example 80) was obtained. MS (ESI+, m/e) 487 (M+1)

OH 60
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Reference Example 160 Reference Example 162

(3R, 58)-1-(tert-butoxycarbonyl)-5-[{[1-(cyclopropy-
Ilmethy1)-1H-benzimidazol-2-yl]carbonyl} (2-methyl-
propyl)amino|piperidine-3-carboxylic acid

1-tert-butyl 3-methyl (3R,58)-5-[{[1-(cyclopropylm-
ethyl)-1H-benzimidazol-2-yl]carbonyl } (2-methyl-
propyl)amino|piperidine-1,3-dicarboxylate

w

10
A
15
N 0

oA
O\(LI/NGWO/O\ 2 XOTN O -

25 MS (ESI+, m/e) 499 (M+1)
Reference Example 163

tert-butyl (3S,5R)-3-[{[1-(4-methoxybutyl)-1H-ben-
30 zimidazol-2-yl]carbonyl}(2-methylpropyl)amino]-5-
MS (ESI+, m/e) 513 (M+1) (morpholin-4-ylcarbonyl)piperidine-1-carboxylate

In the same manner as in Reference Example 74, the fol-
lowing compounds (Reference Examples 161-162) were
obtained.

Reference Example 161 0 " N\/\/\O/

(3R,58)-1-(tert-butoxycarbonyl)-5-{[(1-ethyl-1H-

benzimidazol-2-yl)carbonyl](2-methylpropyl)
amino }piperidine-3-carboxylic acid
45

(3R, 55)-1-(tert-Butoxycarbonyl)-5-[ {[ 1-(4-methoxybu-
Na N ~ tyl)-1H-benzimidazol-2-yl]carbonyl } (2-methylpropyl)
amino]piperidine-3-carboxylic acid (10 g) and morpholine
(1.6 g) were dissolved in DMF (100 ml), WSC.HCL (4.8 g)
55 and HOBt (3.1 g) were added, and the mixture was stirred at

50° C. for 12 hr. The reaction mixture was poured into 10%
aqueous sodium bicarbonate, and the mixture was extracted
with ethyl acetate. The extracts were combined, washed with
brine, and dried over anhydrous sodium sulfate. The solvent
O N OH .
>< \n/ 60 was evaporated under reduced pressure. The residue was

subjected to silica gel column chromatography, and a fraction
eluted with ethyl acetate-hexane (1:1-1:0) was concentrated
under reduced pressure to give the object product (8.9 g).
'"H-NMR (CDCl;) 8 0.63-0.80 (2H, m), 0.89-1.07 (4H, m),
65 1.41-1.59 (9H, m), 1.59-1.80 (2H, m), 1.87-2.23 (4H, m),
2.30-2.98 (3H, m), 3.21-3.46 (6H, m), 3.49-3.91 (10H, m),
MS (ESI+, m/e) 473 (M+1) 3.95-4.47 (5H, m), 7.18-7.51 (3H, m), 7.56-7.84 (1H, m).
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MS (ESI+, m/e) 600 (M+1) Example 81
In the same manner as in Reference Example 163, the
following compounds (Reference Examples 164-165) were 1-ethyl-N-(2-methylpropyl)-N-[(38,5R)-5-(morpho-

obtained. 5 lin-4-ylcarbonyl)piperidin-3-yl|-1H-benzimidazole-

2-carboxamide dihydrochloride

Reference Example 164
10

tert-butyl (3S,5R)-3-{[(1-ethyl- 1H-benzimidazol-2-
yl)carbonyl](2-methylpropyl)amino } -5-(morpholin-
4-ylcarbonyl)piperidine-1-carboxylate N N\/

AN
15
2HCl
0
0

N
X

o

25

O N
>< T 5 MS (ESI+, m/e) 442 (M+1)
O
MS (ESL+, m/e) 542 (M+1)
35 Example 82

1-(cyclopropylmethyl)-N-(2-methylpropyl)-N-[(3S,
5R)-5-(morpholin-4-ylcarbonyl)piperidin-3-y1]-1H-

Reference Example 165
benzimidazole-2-carboxamide dihydrochloride

40
tert-butyl (3S,5R)-3-[{[1-(cyclopropylmethyl)-1H-
benzimidazol-2-yl]carbonyl}(2-methylpropyl)
amino]-5-(morpholin-4-ylcarbonyl)piperidine-1-
carboxylate us

N X N\/A
50 I JHCI
\(\N 0
N\/A
o

T
><o\l(l/N

MS (ESI+, m/e) 568 (M+1) s MS (BSI+, m/e) 468 (M+1)

In the same manner as in Example 60, the following com- In the same manner as in Reference Example 79, the fol-
pounds (Examples 81-82) were obtained. lowing compound (Reference Example 166) was obtained.

N (\O
55 HN N\)
0
()
N 60
0
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Reference Example 166

tert-butyl (3S,5R)-3-{[(1-ethyl- 1H-benzimidazol-2-
ylcarbonyl](2-methylpropyl)amino }-5-(hydroxym-
ethyl)piperidine-1-carboxylate

OH

MS (ESI+, m/e) 459 (M+1)

In the same manner as in Example 76, the following com-
pound (Example 83) was obtained.

Example 83

1-ethyl-N-[(3S,5R)-5-(hydroxymethyl) piperidin-3-
y1IN-(2-methylpropyl)-1H-benzimidazole-2-car-
boxamide dihydrochloride

NIN\/
W/\N 0

2HCI

HN OH

MS (ESI+, m/e) 359 (M+1)
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Reference Example 167

tert-butyl (3S,5R)-3-[(1,3-benzothiazol-2-ylcarbo-
nyl)(2-methylpropyl)amino]-5-(morpholin-4-ylcar-
bonyl)piperidine-1-carboxylate

NIS
\(\N o
®
><O\H/N N\)
(6] (6]
1,3-Benzothiazole-2-carboxylic acid (29 mg), tert-butyl
(38,5R)-3-[(2-methylpropyl)amino]-5-(morpholin-4-ylcar-
bonyl)piperidine-1-carboxylate (50 mg) and N,N-diisopro-
pylethylamine (118 pl) were dissolved in acetonitrile (3 ml),
chloro-N,N,N' N'-tetramethylformamidinium  hexafluoro-
phosphate (57 mg) was added at 0° C., and the mixture was
stirred at room temperature for 2 hr. The reaction mixture was
diluted with 10% aqueous sodium bicarbonate, and the mix-
ture was extracted with ethyl acetate. The extract was washed
with saturated brine, and dried over anhydrous sodium sul-
fate. The solvent was evaporated under reduced pressure. The
residue was subjected to silica gel column chromatography,
and a fraction eluted with ethyl acetate-hexane (1:1-1:0) was
concentrated under reduced pressure to give the object prod-
uct (58 mg).
MS (ESI+, m/e) 531 (M+1)

In the same manner as in Example 60, the following com-
pound (Example 84) was obtained.

Example 84

N-(2-methylpropyl)-N-[(3S,5R)-5-(morpholin-4-
ylcarbonyl)piperidin-3-yl]-1,3-benzothiazole-2-car-
boxamide hydrochloride

N

N

HN

S
1 HCI
o)
Y
)
o}

MS (ESI+, m/e) 431 (M+1)
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Example 85

1-(3-methoxypropyl)-N-(2-methylpropyl)-N-[(3S,
5R)-5-(morpholin-4-ylcarbonyl)piperidin-3-y1]-1H-
benzimidazole-2-carboxamide 1/2 sulfate

tert-Butyl  (3S,5R)-3-{(1H-benzimidazol-2-ylcarbonyl)
(2-methylpropyl)amino } -5-(morpholin-4-ylcarbonyl)piperi-
dine-1-carboxylate (700 mg), 3-methoxypropan-1-ol (123
mg) and triphenylphosphine (465 mg) were dissolved in THF
(20 m1), diisopropyl azodicarboxylate (40% toluene solution:
896 mg) was added, and the mixture was stirred at room
temperature for 60 hr. The reaction mixture was diluted with
water, and the mixture was extracted with ethyl acetate. The
extract was saturated aqueous sodium hydrogen carbonate
and saturated washed with brine, and dried over anhydrous
sodium sulfate. The solvent was evaporated under reduced
pressure. The residue was subjected to silica gel column
chromatography, and a fraction eluted with ethyl acetate-
hexane (1:9-1:3) was concentrated under reduced pressure.
The obtained substance was dissolved in ethyl acetate (3 ml),
4M hydrogen chloride-ethyl acetate (3 ml) was added, and the
mixture was stirred at room temperature for 15 hr. The reac-
tion mixture was basified with saturated aqueous sodium
hydrogen carbonate, and extracted with ethyl acetate. The
extract was dried over anhydrous sodium sulfate. The solvent
was evaporated under reduced pressure. The residue was
subjected to basic silica gel column chromatography, and a
fraction eluted with ethyl acetate-hexane (1:9-1:0) and ethyl
acetate-methanol (93:7) was concentrated under reduced
pressure. The obtained substance was dissolved in ethyl
acetate (10 ml), sulfuric acid (42 mg) was added, and the
solvent was evaporated under reduced pressure. The residue
was dissolved in ethanol (10 ml), and the solvent was evapo-
rated under reduced pressure. The residue was crystallized
from ethyl acetate-methanol to give the object product (180
mg) as crystals.

'H-NMR (CDCl,) 8 0.70 (2H, d), 0.94 (4H, dd), 1.69-2.28
(5H, m), 2.60-2.85 (2H, m), 2.85-3.15 (3H, m), 3.15-3.25
(5H, m), 3.41-3.74 (11H, m), 3.86-4.20 (1H, m), 4.20-4.52
(2H, m), 7.18-7.48 (2H, m), 7.53-7.84 (2H, m)

MS (ESI+, m/e) 486 (M+1)

30

35

40

45

50

55

60

65

228
Example 86

1-(4-methoxybutyl)-N-(2-methylpropyl)-N-[(3S,5R)-
5-(morpholin-4-ylcarbonyl)piperidin-3-yl]-1H-benz-
imidazole-2-carboxamide 1/2 sulfate

V5 H,80,

NIN\/\/\O/
N 6]

v

1-(4-Methoxybutyl)-N-(2-methylpropyl)-N-[(3S,5R)-5-
(morpholin-4-ylcarbonyl)piperidin-3-yl]-1H-benzimida-
zole-2-carboxamide (1 g) and sulfuric acid (0.055 ml) were
dissolved in ethyl acetate (30 ml) and ethanol (1 ml) with
heating (100° C.), and stood while gradually cooling to room
temperature. The precipitate was collected by filtration, and
washed with ethyl acetate. The obtained crude crystals (0.37
g) were dissolved in ethyl acetate (3.75 ml) and ethanol (1.5
ml) with heating (70° C.), and the seed crystal was added. The
mixture was stood for 15 hr while gradually cooling to room
temperature, and filtered. The crystals were washed with
ethyl acetate, and dried under reduced pressure to give the
object product (0.18 g) as crystals.

'"H-NMR (DMSO-dy) 8 0.70 (2H, d), 0.94 (4H, dd), 1.30-
1.61 (2H, m), 1.78 (2H, dd), 1.86-2.02 (1H, m), 2.02-2.21
(1H, m), 2.58-2.85 (2H, m), 2.89-3.02 (1H, m), 3.15-3.21
(3H, m), 3.25-3.65 (17H, m), 3.98 (1H, br s), 4.19-4.53 (2H,
m), 7.23-7.56 (2H, m), 7.62-8.00 (2H, m)

MS (ESI+, m/e) 500 (M+1)

Reference Example 168

tert-butyl (3S,5R)-3-[{[1-(2-methoxy-2-oxoethyl)-
1H-benzimidazol-2-yl]carbonyl}(2-methylpropyl)
amino]-5-(morpholin-4-ylcarbonyl)piperidine-1-
carboxylate
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tert-Butyl  (3S,5R)-3-{(1H-benzimidazol-2-ylcarbonyl)
(2-methylpropyl)amino } -5-(morpholin-4-ylcarbonyl)piperi-
dine-1-carboxylate (1.06 g) was dissolved in dimethylforma-
mide (20 ml), methyl bromoacetate (390 ul) and cesium
carbonate (2.02 g) were added and the mixture was stirred at
55°C. for 1 hr. The reaction mixture was concentrated under
reduced pressure, diluted with water, and the mixture was
extracted with ethyl acetate. The extract was washed with
saturated brine, dried over anhydrous magnesium sulfate, and
concentrated under reduced pressure. The residue was sub-
jected to silica gel chromatography, and a fraction eluted with
ethyl acetate-hexane (1:9)-ethyl acetate was concentrated
under reduced pressure to give the object product (1.19 g).

MS (ESI+, m/e) 586 (M+1)

Reference Example 169

tert-butyl (3S,5R)-3-[[[1-(2-hydroxyethyl)-1H-benz-
imidazol-2-yl|carbonyl](2-methylpropyl)amino]-5-
(morpholin-4-ylcarbonyl)piperidine-1-carboxylate

N
\/\OH

Xwéw

Calcium chloride (650 mg) was suspended in ethanol (80
ml) and sodium borohydride (740 mg) was added at 0° C
After stirring at 0° C. for 15 min, a solution of tert-butyl
(38,5R)-3-[[[1-(2-methoxy-2-oxoethyl)- 1H-benzimidazol-
2-yl]carbonyl](2-methylpropyl)amino]-5-(morpholin-4-y1-
carbonyl)piperidine-1-carboxylate (1.15 g) in THF (80 ml)
was added dropwise. After stirring at room temperature for 2
hr, the reaction mixture was diluted with 10% aqueous citric
acid solution, and the mixture was extracted with ethyl
acetate. The extract was washed with saturated aqueous
sodium hydrogen carbonate, and dried over anhydrous mag-
nesium sulfate. The solvent was evaporated under reduced
pressure. The residue was subjected to silica gel chromatog-
raphy, and a fraction eluted with ethyl acetate-hexane (1:9-1:
0)-ethyl acetate-methanol (85:15) was concentrated under
reduced pressure to give the object product (849 mg).

MS (ESI+, m/e) 558 (M+1)

In the same manner as in the method shown in Example 60,

the compound described in the following Example 87 was
obtained.
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Example 87

methyl (2-{(2-methylpropyD)[(3S,5R)-5-(morpholin-
4-ylcarbonyl)piperidin-3-yl]carbamoyl}-1H-benz-
imidazol-1-yl)acetate dihydrochloride

MS (ESI+, m/e) 486 (M+1)

Example 88

1-(2-hydroxyethyl)-N-(2-methylpropyl)-N-[(3S,5R)-
5-(morpholin-4-ylcarbonyl)piperidin-3-yl]-1H-benz-
imidazole-2-carboxamide dihydrochloride

tert-Butyl (3S,5R)-3-[[[1-(2-hydroxyethyl)-1H-benzimi-
dazol-2-yl]carbonyl](2-methylpropyl)amino]-5-(morpholin-
4-ylcarbonyl)piperidine-1-carboxylate (51 mg) was dis-
solved in 10% hydrogen chloride-methanol (4 ml), and the
mixture was stirred at room temperature for 41 hr and con-
centrated to give the object product (44 mg).

MS (ESI+, m/e) 458 (M+1)
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Example 89

1-(2-cyclopropylethyl)-N-(2-methylpropyl)-N-[(3S,
5R)-5-(morpholin-4-ylcarbonyl)piperidin-3-y1]-1H-
benzimidazole-2-carboxamide dihydrochloride

To a solution of tert-butyl (3S,5R)-3-[(1H-benzimidazol-
2-ylcarbonyl)(2-methylpropyl)amino]-5-(morpholin-4-yl-
carbonyl)piperidine-1-carboxylate (257 mg), 2-cyclopropy-
lethanol (86 mg) and triphenylphosphine (263 mg) in toluene
(10 ml) was added diisopropyl azodicarboxylate (506 ul) at
room temperature, and the mixture was stirred at the same
temperature for 17 hr. The reaction mixture was diluted with
aqueous sodium bicarbonate, and the mixture was extracted
with ethyl acetate. The extract was washed with saturated
brine, and dried over anhydrous sodium sulfate. The solvent
was evaporated under reduced pressure. The residue was
subjected to basic silica gel column chromatography, and a
fraction eluted with ethyl acetate was concentrated under
reduced pressure to give tert-butyl (3S,5R)-3-[{[1-(2-cyclo-
propylethyl)-1H-benzimidazol-2-y1]carbonyl} (2-methyl-
propyl)amino]-5-(morpholin-4-ylcarbonyl)piperidine-1-car-
boxylate. The tert-butyl  (3S,5R)-3-[{[1-(2-
cyclopropylethyl)-1H-benzimidazol-2-yl]carbonyl } (2-
methylpropyl)amino]-5-(morpholin-4-ylcarbonyl)
piperidine-1-carboxylate was dissolved in 4M hydrogen
chloride-ethyl acetate (5 ml), and the mixture was stirred at
room temperature for 3 hr. The reaction mixture was concen-
trated, and the residue was subjected to reversed-phase pre-
parative HPLC and the eluted fraction was concentrated
under reduced pressure. The residue was diluted with aque-
ous sodium bicarbonate, and the mixture was extracted with
ethyl acetate. The extract was washed with saturated brine,
and dried over anhydrous sodium sulfate. 4M Hydrogen chlo-
ride-ethyl acetate (1 ml) was added and the mixture was
stirred for 5 min. The solvent was evaporated under reduced
pressure to give the object product (220 mg).

MS (ESI+, m/e) 482 (M+1)

obtained
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Reference Example 170

tert-butyl (3R,58)-3-(1H-benzimidazol-2-y1)-5-[ {[1-
(4-methoxybutyl)-1H-benzimidazol-2-yl]carbonyl }
(2-methylpropyl)amino]piperidine-1-carboxylate

D QR
YN .

N N
Boc/ =

N
H

(3R, 55)-1-(tert-Butoxycarbonyl)-5-[ {[ 1-(4-methoxybu-
tyl)-1H-benzimidazol-2-yl]carbonyl } (2-methylpropyl)
amino]piperidine-3-carboxylic acid (265 mg), phenylenedi-
amine (54 mg), 1H-benzotriazol-1-ol (95 mg) and N,N-
diisopropylethylamine (259 pl) were dissolved in DMF (5
ml), WSC.HCI (144 mg) was added and the mixture was
stirred at room temperature for 15 hr. The reaction mixture
was diluted with aqueous sodium bicarbonate, and extracted
with ethyl acetate. The extract was washed successively with
water and saturated brine, and dried over anhydrous magne-
sium sulfate. The solvent was evaporated under reduced pres-
sure. The residue was dissolved in acetic acid (5 ml), and the
mixture was stirred at 80° C. for 5 hr. The mixture was cooled
to room temperature, and the reaction mixture was concen-
trated. To the residue was added aqueous sodium bicarbonate,
and the mixture was extracted with ethyl acetate. The extract
was washed with saturated brine, and dried over anhydrous
sodium sulfate. The solvent was evaporated under reduced
pressure. The residue was subjected to silica gel column
chromatography, and a fraction eluted with ethyl acetate was
concentrated under reduced pressure to give the object prod-
uct (115 mg).

MS (ESI+, m/e) 603 (M+1)

In the same manner as in Example 12, the following com-
pound (Example 90) was obtained.
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Example 90

N-[(3S,5R)-5-(1H-benzimidazol-2-yl)piperidin-3-

y1]-1-(4-methoxybutyl)-N-(2-methylpropyl)-1H-
benzimidazole-2-carboxamide trihydrochloride

3HCI

\

=z

MS (ESI+, m/e) 503 (M+1)
Reference Example 171

1-tert-butyl 3-methyl (3R,58)-5-[(2-methylpropyl){
[1-(2-phenylethyl)-1H-benzimidazol-2-yl]
carbonyl }amino]piperidine-1,3-dicarboxylate

N, N

X

Y\ o
Boc/éw/o\
o]

To a solution of 1-tert-butyl 3-methyl (3R,5S)-5-[(1H-ben-
zimidazol-2-ylcarbonyl)(2-methylpropyl)amino |piperidine-
1,3-dicarboxylate (1.38 g) and (2-bromoethyl)benzene (810
ul) in N,N-dimethylacetamide (30 ml) was added cesium
carbonate (2.93 g), and the mixture was stirred at 65° C. for 15
hr. (2-Bromoethyl)benzene (810 pl) was added to the reaction
mixture, and the mixture was further stirred at 65° C. for 5 hr.
The reaction mixture was cooled to room temperature, diluted
with water and extracted with ethyl acetate. The extract was
washed with saturated brine, and dried over anhydrous
sodium sulfate. The solvent was evaporated under reduced
pressure. The residue was subjected to silica gel column
chromatography, and a fraction eluted with ethyl acetate-
hexane (1:1) was concentrated under reduced pressure to give
the object product (1.40 g).

MS (ESI+, m/e) 563 (M+1)
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Reference Example 172

(3R,59)-1-(tert-butoxycarbonyl)-5-[ (2-methylpropyl)
{[1-(2-phenylethyl)-1H-benzimidazol-2-yl]
carbonyl }amino]piperidine-3-carboxylic acid

N N

By

\(\ o
N OH
Boc/ éﬁ/
O

1-tert-Butyl 3-methyl (3R,5S)-5-[(2-methylpropyl)}{[1-(2-
phenylethyl)-1H-benzimidazol-2-yl|carbonyl }amino|pip-
eridine-1,3-dicarboxylate (1.12 g) was dissolved in metha-
nol, 2M aqueous sodium hydroxide solution (10 ml) was
added dropwise at room temperature. The reaction mixture
was stirred at 50° C. for 3 hr. The reaction mixture was
adjusted to pH 7 with 1M hydrochloric acid, and extracted
with ethyl acetate. The extract was washed with saturated
brine, and dried over anhydrous sodium sulfate. The solvent
was evaporated under reduced pressure to give the object
product (1.07 g).

MS (ESI+, m/e) 549 (M+1)

In the same manner as in Reference Example 55, the fol-
lowing compound (Reference Example 173) was obtained.

Reference Example 173

tert-butyl (3R,58)-3-carbamoyl-5-[(2-methylpropyl){
[1-(2-phenylethyl)-1H-benzimidazol-2-yl]
carbonyl}amino]piperidine-1-carboxylate

N, N

X

Y o
N NH,
Boc/ éw/

e}

MS (ESI+, m/e) 548 (M+1)
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In the same manner as in Example 12, the following com-
pound (Example 91) was obtained.

Example 91

N-[(3S,5R)-5-carbamoylpiperidin-3-yl]-N-(2-meth-

ylpropyl)-1-(2-phenylethyl)- 1H-benzimidazole-2- 10
carboxamide dihydrochloride
15
N N
I 20
W/\N 0
2HCI 25
HN NH,
(6]
30
MS (ESI+, m/e) 448 (M+1)
In the same manner as in Reference Example 60, the fol-
lowing compound (Reference Example 174) was obtained.
35
Reference Example 174
40
tert-butyl (3R,5S)-3-(hydroxymethyl)-5-[(2-methyl-
propy){[1-(2-phenylethyl)-1H-benzimidazol-2-yl]
carbonyl}amino]piperidine-1-carboxylate
45
50
NIN
Y\N o o
@vo}l
Boc/ 60
MS (ESI+, m/e) 535 (M+1) 65

In the same manner as in Example 24, the following com-
pound (Example 92) was obtained.

236
Example 92

N-[(3S,5R)-5-(hydroxymethyl)piperidin-3-yl]-N-(2-
methylpropyl)-1-(2-phenylethyl)-1H-benzimidazole-
2-carboxamide dihydrochloride

NIN
YN 0
2HCI
N o

MS (ESI+, m/e) 435 (M+1)

Reference Example 175

tert-butyl (3S,5R)-3-{(2-methylpropyl)[(1-{2-[(me-
thylsulfonyl)oxy]ethyl}-1H-benzimidazol-2-yl)car-
bonyl]amino }-5-(morpholin-4-ylcarbonyl)piperi-
dine-1-carboxylate

To a solution of tert-butyl (3S,5R)-3-[[[1-(2-hydroxy-
ethyl)-1H-benzimidazol-2-yl]carbonyl|(2-methylpropyl)
amino]-5-(morpholin-4-ylcarbonyl)piperidine- 1-carboxy-
late (223 mg) and triethylamine (84 pl) in THF (§ ml) was
added dropwise methanesulfonyl chloride (37 ul) at room
temperature. The reaction mixture was stirred at room tem-
perature for 3 hr, diluted with aqueous sodium bicarbonate,
and extracted with ethyl acetate. The extract was washed with
saturated brine, and dried over anhydrous sodium sulfate. The
solvent was evaporated under reduced pressure to give the
object product (288 mg).

MS (ESI+, m/e) 636 (M+1)
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Reference Example 176

tert-butyl (3S,5R)-3-[(2-methylpropyl)({1-[2-(1H-
pyrazol-1-yl)ethyl]-1H-benzimidazol-2-yl}carbonyl)
amino]-5-(morpholin-4-ylcarbonyl)piperidine-1-
carboxylate

N N\/\N/N\
17D
Y\N o

To a solution of tert-butyl (3S,5R)-3-{(2-methylpropyl)
[(1-{2-[(methylsulfonyl)oxy]ethyl }-1H-benzimidazol-2-y1)
carbonyl]amino}-5-(morpholin-4-ylcarbonyl)piperidine-1-
carboxylate (127 mg) and pyrazole (41 mg) in N,N-
dimethylacetamide (3 ml) was added cesium carbonate (326
mg), and the mixture was stirred at 60° C. for 3 days. The to
reaction mixture was diluted with water, and extracted with
ethyl acetate. The extract was washed with saturated brine,
and dried over anhydrous sodium sulfate. The solvent was
evaporated under reduced pressure. The residue was sub-
jected to silica gel column chromatography, and a fraction
eluted with ethyl acetate was concentrated under reduced
pressure to give the object product (72 mg).

MS (ESI+, m/e) 608 (M+1)

In the same manner as in Reference Example 176, the
following compound (Reference Example 177) was obtained.

Reference Example 177

tert-butyl (3S,5R)-3-[ ({1-[2-(1H-imidazol-1-y1)
ethyl]-1H-benzimidazol-2-yl} carbonyl)(2-methyl-
propyl)amino]-5-(morpholin-4-ylcarbonyl)piperi-
dine-1-carboxylate

MS (ESI+, m/e) 608 (M+1)
In the same manner as in Example 12, the following com-
pounds (Examples 93-94) were obtained.
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Example 93

N-(2-methylpropyl)-N-[(3S,5R)-5-(morpholin-4-

ylcarbonyl)piperidin-3-yl]-1-[2-(1H-pyrazol-1-y1)

ethyl]-1H-benzimidazole-2-carboxamide dihydro-
chloride

HN N

MS (ESI+, m/e) 508 (M+1)

Example 94

1-[2-(1H-imidazol-1-yl)ethyl]-N-(2-methylpropyl)-

N-[(3S,5R)-5-(morpholin-4-ylcarbonyl)piperidin-3-

yl]-1H-benzimidazole-2-carboxamide trihydrochlo-
ride

HN N

3HCI

MS (ESI+, m/e) 508 (M+1)

In the same manner as in Example 89, the following com-
pound (Example 95) was obtained.
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Example 95

1-(3-cyclopropylpropyl)-N-(2-methylpropyl)-N-[(3S,
5R)-5-(morpholin-4-ylcarbonyl)piperidin-3-y1]-1H-
benzimidazole-2-carboxamide dihydrochloride

N N

I \/\/A

N o 2HCL
(@]

W/\
9

HN N

MS (ESI+, m/e) 496 (M+1)
Example 96

1-(3-hydroxypropyl)-N-(2-methylpropyl)-N-[ (3S,
5R)-5-(morpholin-4-ylcarbonyl)piperidin-3-y1]-1H-
benzimidazole-2-carboxamide dihydrochloride

NIN\/\/O
YN o 2HCI
0

N

9

To a mixed solution of tert-butyl (3S,5R)-3-[ (1H-benzimi-
dazol-2-ylcarbonyl)(2-methylpropyl)amino]-5-(morpholin-
4-ylcarbonyl)piperidine-1-carboxylate (103 mg), propane-1,
3-diol (152 mg) and triphenylphosphine (105 mg) in toluene
(5 ml) and THF (5 ml) was added diisopropyl azodicarboxy-
late (202 pl) at room temperature, and the mixture was stirred
at the same temperature for 15 hr. The reaction mixture was
diluted with aqueous sodium bicarbonate, and extracted with
ethyl acetate. The extract was washed with saturated brine,
and dried over anhydrous sodium sulfate. The solvent was
evaporated under reduced pressure. The residue was sub-
jected to basic silica gel column chromatography, and a frac-
tion eluted with ethyl acetate was concentrated under reduced
pressure to give tert-butyl (3S,5R)-3-[{[1-(3-hydroxypro-
pyD)-1H-benzimidazol-2-yl]carbonyl } (2-methylpropyl)
amino |-5-(morpholin-4-ylcarbonyl)piperidine- 1 -carboxy-
late.  The obtained tert-butyl  (3S,5R)-3-[{[1-(3-
hydroxypropyl)-1H-benzimidazol-2-y1]carbonyl}(2-
methylpropyl)amino]-5-(morpholin-4-ylcarbonyl)
piperidine-1-carboxylate was dissolved in 10-20% hydrogen
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chloride-methanol (3 ml), and the mixture was stirred at room
temperature for 3 hr. The reaction mixture was concentrated
to give the object product (22 mg).

MS (ESI+, m/e) 472 (M+1)

Reference Example 178

tert-butyl (3S,5R)-3-[{[ 1-(3-ethoxy-3-oxopropyl)-

1H-benzimidazol-2-yl]carbonyl}(2-methylpropyl)

amino]-5-(morpholin-4-ylcarbonyl)piperidine-1-
carboxylate

N\ N O\/
LY
N (6]

To a solution of tert-butyl (3S,5R)-3-[(1H-benzimidazol-
2-ylcarbonyl)(2-methylpropyl)amino|-5-(morpholin-4-yl-
carbonyl)piperidine-1-carboxylate (257 mg) and ethyl 3-bro-
mopropanoate (181 mg) in N,N-dimethylacetamide (5 ml)
was added cesium carbonate (489 mg), and the mixture was
stirred at 70° C. for 15 hr. Ethyl 3-bromopropanoate (181 mg)
was added to the reaction mixture, and the mixture was fur-
ther stirred at 70° C. for 5 hr. The reaction mixture was cooled
to room temperature, diluted with water, and extracted with
ethyl acetate. The extract was washed with saturated brine,
and dried over anhydrous sodium sulfate. The solvent was
evaporated under reduced pressure. The residue was sub-
jected to silica gel column chromatography, and a fraction
eluted with ethyl acetate-hexane (6:4) was concentrated
under reduced pressure to give the object product (225 mg).

MS (ESI+, m/e) 614 (M+1)

Reference Example 179

tert-butyl (3S,5R)-3-[ ({1-[3-(2-acetylhydrazino)-3-

oxopropyl]-1H-benzimidazol-2-y1}carbonyl )(2-me-

thylpropyl)amino]-5-(morpholin-4-ylcarbonyl)pip-
eridine-1-carboxylate
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tert-Butyl  (3S,5R)-3-[{[1-(3-ethoxy-3-oxopropyl)-1H-
benzimidazol-2-yl]carbonyl}(2-methylpropyl)amino]-5-
(morpholin-4-ylcarbonyl)piperidine-1-carboxylate (307 mg)
was dissolved in ethanol (10 ml), hydrazine monohydrate
(243 pl) was added and the mixture was heated under reflux
for 6 hr with stirring. The reaction mixture was concentrated,
ethyl acetate was added to the residue, and the mixture was
washed with saturated brine, and dried over anhydrous
sodium sulfate. The solvent was evaporated under reduced
pressure. The residue was dissolved in THF (5 ml), and tri-
ethylamine (209 pl) was added. The reaction mixture was
cooled to 0° C., acetic anhydride (71 ul) was added dropwise
and the mixture was stirred at room temperature for 15 hr. The
reaction mixture was diluted with aqueous sodium bicarbon-
ate, and extracted with ethyl acetate. The extract was washed
with saturated brine, and dried over anhydrous sodium sul-
fate. The solvent was evaporated under reduced pressure to
give the object product (292 mg).

MS (ESI+, m/e) 642 (M+1)

Reference Example 180

tert-butyl (3S,5R)-3-[({1-[2-(5-methyl-1,3,4-0oxadia-
zol-2-yl)ethyl]-1H-benzimidazol-2-yl }carbonyl)(2-
methylpropyl)amino]-5-(morpholin-4-ylcarbonyl)
piperidine-1-carboxylate

-

~N

K

tert-Butyl (3S,5R)-3-[({1-[3-(2-acetylhydrazino)-3-0xo0-
propyl]-1H-benzimidazol-2-yl }carbonyl)(2-methylpropyl)
amino |-5-(morpholin-4-ylcarbonyl)piperidine- 1 -carboxy-
late (292 mg) was dissolved in pyridine (5 ml), and
trifluoromethanesulfonic anhydride (230 pl) was added drop-
wise at room temperature. The reaction mixture was stirred at
room temperature for 15 hr, and concentrated. The residue
was diluted with 10% aqueous citric acid solution, and the
mixture was extracted with ethyl acetate. The extract was
washed with aqueous sodium bicarbonate and saturated
brine, and dried over anhydrous sodium sulfate. The solvent
was evaporated under reduced pressure. The residue was
subjected to silica gel column chromatography, and a fraction
eluted with ethyl acetate was concentrated under reduced
pressure to give the object product (117 mg).

MS (ESI+, m/e) 624 (M+1)

In the same manner as in Example 23, the following com-
pound (Example 97) was obtained.
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Example 97

1-[2-(5-methyl-1,3,4-0xadiazol-2-yl)ethyl]-N-(2-
methylpropyl)-N-[(3S,5R)-5-(morpholin-4-ylcarbo-
nyl)piperidin-3-yl]-1H-benzimidazole-2-carboxam-
ide

MS (ESI+, m/e) 524 (M+1)

Reference Example 181

3-(2-{[(3S,5R)-1-(tert-butoxycarbonyl)-5-(morpho-
lin-4-ylcarbonyl)piperidin-3-yl](2-methylpropyl)
carbamoyl}-1H-benzimidazol-1-yl)propanoic acid

N A N\/\[(OH
1 O
N (6]

W/\

e}

To a solution of tert-butyl (3S,5R)-3-[{[1-(3-ethoxy-3-
oxopropyl)-1H-benzimidazol-2-yl]carbonyl } (2-methylpro-
pyDamino]-5-(morpholin-4-ylcarbonyl)piperidine-1-car-
boxylate (225 mg) in ethanol (5 ml) was added 2M aqueous
sodium hydroxide solution, and the mixture was stirred at
room temperature for 3 days. The reaction mixture was
adjusted to pH 7 with 1M hydrochloric acid, and extracted
with ethyl acetate. The extract was washed with saturated
brine, and dried over anhydrous sodium sulfate. The solvent
was evaporated under reduced pressure to give the object
product (215 mg).

MS (ESI+, m/e) 586 (M+1)
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Reference Example 182

tert-butyl (3S,5R)-3-[{[1-(3-amino-3-oxopropyl)-

1H-benzimidazol-2-yl]carbonyl}(2-methylpropyl)

amino]-5-(morpholin-4-ylcarbonyl)piperidine-1-
carboxylate

NQ

3-(2-{[(3S,5R)-1-(tert-Butoxycarbonyl)-5-(morpholin-4-
ylcarbonyl)piperidin-3-y1](2-methylpropyl)  carbamoyl}-
1H-benzimidazol-1-yl)propanoic acid (215 mg) and 1H-1,2,
3-benzotriazol-1-ol ammonium salt (84 mg) were dissolved
in DMF (5 ml), WSC.HCI (142 mg) was added and the
mixture was stirred at room temperature for 15 hr. The reac-
tion mixture was concentrated under reduced pressure, and
the residue was diluted with 10% aqueous citric acid solution
and extracted with ethyl acetate. The extract was washed with
aqueous sodium bicarbonate and saturated brine, and dried
over anhydrous sodium sulfate. The solvent was evaporated
under reduced pressure. The residue was subjected to silica
gel column chromatography, and a fraction eluted with ethyl
acetate was concentrated under reduced pressure to give the
object product (199 mg).

MS (ESI+, m/e) 585 (M+1)

Reference Example 183

tert-butyl (3S,5R)-3-[{[1-(2-cyanoethyl)-1H-benz-
imidazol-2-yl]carbonyl}(2-methylpropyl)amino]-5-
(morpholin-4-ylcarbonyl)piperidine-1-carboxylate

Boc

tert-Butyl  (38,5R)-3-[{[1-(3-amino-3-oxopropyl)-1H-
benzimidazol-2-yl]carbonyl}(2-methylpropyl)amino]-5-
(morpholin-4-ylcarbonyl)piperidine-1-carboxylate (233 mg)
was dissolved in pyridine (5 ml), trifluoroacetic anhydride
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(116 pl) was added at 0° C. and the mixture was stirred at
room temperature for 2 hr. The reaction mixture was concen-
trated under reduced pressure, and diluted with ethyl acetate.
1M Hydrochloric acid was added, and the mixture was
extracted with ethyl acetate. The extract was washed with
aqueous sodium bicarbonate and saturated brine, dried over
anhydrous magnesium sulfate, and concentrated under
reduced pressure. The residue was subjected to silica gel
chromatography, and a fraction eluted with ethyl acetate-
hexane (7:3) was concentrated under reduced pressure to give
the object product (197 mg).
MS (ESI+, m/e) 567 (M+1)

Example 98

N-(2-methylpropyl)-N-[(3S,5R)-5-(morpholin-4-
ylcarbonyl)piperidin-3-yl]-1-[2-(1,2,4-oxadiazol-3-
yDethyl]-1H-benzimidazole-2-carboxamide dihydro-
chloride

N\ N\/\& N
\
2HCI

Hydroxylamine hydrochloride (125 mg) was dissolved in
dimethyl sulfoxide (5 ml), sodium hydrogen carbonate (463
mg) was added and the mixture was stirred at 50° C. for 1 hr.
A solution of tert-butyl (38,5R)-3-[{[1-(2-cyanoethyl)-1H-
benzimidazol-2-yl]carbonyl}(2-methylpropyl)amino]-5-
(morpholin-4-ylcarbonyl)piperidine-1-carboxylate (100 mg)
in dimethy] sulfoxide (5 ml) was added to the reaction mix-
ture, and the mixture was stirred at 90° C. for 3 hr. The
reaction mixture was allowed to cool to room temperature,
diluted with water, and extracted with ethyl acetate. The
extract was washed with saturated brine, dried over anhy-
drous magnesium sulfate, and concentrated under reduced
pressure. The residue was dissolved in trimethyl orthofor-
mate (5 ml) and the mixture was stirred at 100° C. for Shr. The
reaction mixture was concentrated under reduced pressure,
and the residue was subjected to basic silica gel chromatog-
raphy, and a fraction eluted with ethyl acetate was concen-
trated under reduced pressure to give tert-butyl (3S,5R)-3-
[(2-methylpropyl)({1-[2-(1,2,4-0xadiazol-3-yl)ethyl]-1H-
benzimidazol-2-yl}carbonyl)amino]-5-(morpholin-4-
ylcarbonyl)piperidine-1-carboxylate. The obtained tert-butyl
(3S,5R)-3-[(2-methylpropyl)({ 1-[2-(1,2,4-0xadiazol-3-y1)
ethyl]-1H-benzimidazol-2-yl}carbonyl)amino]-5-(morpho-
lin-4-ylcarbonyl)piperidine-1-carboxylate was dissolved in
4M hydrogen chloride-ethyl acetate (3 ml), and the mixture
was stirred at room temperature for 2 hr. The reaction mixture
was concentrated, and the residue was subjected to reversed-
phase preparative HPL.C and the eluted fraction was concen-
trated under reduced pressure. The residue was diluted with
aqueous sodium bicarbonate, and the mixture was extracted
with ethyl acetate. The extract was washed with saturated
brine, and dried over anhydrous sodium sulfate. 4M Hydro-
gen chloride-ethyl acetate (1 ml) was added and the mixture
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was stirred for 5 min. The solvent was evaporated under
reduced pressure to give the object product (35 mg).
MS (ESI+, m/e) 510 (M+1)

Reference Example 184

tert-butyl (3S,5R)-3-[({ 1-[2-(ethenyloxy)ethyl]-1H-
benzimidazol-2-yl}carbonyl)(2-methylpropyl)
amino]-5-(morpholin-4-ylcarbonyl)piperidine-1-
carboxylate

To a solution of tert-butyl (3S,5R)-3-{(1H-benzimidazol-
2-ylcarbonyl)(2-methylpropyl)amino }-5-(morpholin-4-yl-
carbonyl)piperidine-1-carboxylate (308 mg), (2-chloroet-
hoxy)ethene (192 mg) and potassium iodide (5 mg) in N,N-
dimethylacetamide (5 ml) was added cesium carbonate (586
mg), and the mixture was stirred at 60° C. for 15 hr. The
reaction mixture was cooled to room temperature, diluted
with water, and extracted with ethyl acetate. The extract was
washed with saturated brine, and dried over anhydrous
sodium sulfate. The solvent was evaporated under reduced
pressure. The residue was subjected to silica gel column
chromatography, and a fraction eluted with ethyl acetate-
hexane (6:4) was concentrated under reduced pressure to give
the object product (323 mg).

MS (ESI+, m/e) 584 (M+1)

Example 99
1-[2-(cyclopropyloxy )ethyl]-N-(2-methylpropyl)-N-

[(3S,5R)-5-(morpholin-4-ylcarbonyl)piperidin-3-yl]-
1H-benzimidazole-2-carboxamide dihydrochloride
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To a solution of tert-butyl (3S,5R)-3-[({1-[2-(ethenyloxy)
ethyl]-1H-benzimidazol-2-yl}carbonyl)(2-methylpropyl)
amino]-5-(morpholin-4-ylcarbonyl)piperidine- 1-carboxy-
late (323 mg) and 1M diethylzinc-hexane solution (2.5 ml) in
dichloromethane (5 ml) was added dropwise diiodomethane
(443 ul) at room temperature over 5 min, and the mixture was
stirred at room temperature for 3 hr. The reaction mixture was
diluted with 1M hydrochloric acid, and the mixture was
extracted with ethyl acetate. The extract was washed with
saturated brine, and dried over anhydrous sodium sulfate. The
solvent was evaporated under reduced pressure. The residue
was dissolved in methanol (5 ml), 4M hydrogen chloride-
ethyl acetate (5 ml) was added and the mixture was stirred at
room temperature for 5 hr. The reaction mixture was concen-
trated, and the residue was subjected to reversed-phase pre-
parative HPLC and the eluted fraction was concentrated
under reduced pressure. The residue was diluted with aque-
ous sodium bicarbonate, and the mixture was extracted with
ethyl acetate. The extract was washed with saturated brine,
and dried over anhydrous sodium sulfate. 4M Hydrogen chlo-
ride-ethyl acetate (1 ml) was added and the mixture was
stirred for 5 min. The solvent was evaporated under reduced
pressure to give the object product (35 mg).

MS (ESI+, m/e) 498 (M+1)
Reference Example 185

tert-butyl (3S,5R)-3-[{[1-(5-hydroxypentyl)-1H-
benzimidazol-2-yl]carbonyl}(2-methylpropyl)
amino]-5-(morpholin-4-ylcarbonyl)piperidine-1-
carboxylate

N

N
Boc/

9§

NIN\/\/\/OH
0
0

To a mixed solution of tert-butyl (3S,5R)-3-[(1H-benzimi-
dazol-2-ylcarbonyl)(2-methylpropyl)amino]-5-(morpholin-
4-ylcarbonyl)piperidine-1-carboxylate (308 mg), pentane-1,
5-diol (1.25 g) and triphenylphosphine (472 mg) in toluene
(10 ml)-THF (10 ml) was added diisopropyl azodicarboxy-
late (910 pl) at room temperature, and the mixture was stirred
at the same temperature for 15 hr. The reaction mixture was
diluted with aqueous sodium bicarbonate, and the mixture
was extracted with ethyl acetate. The extract was washed with
saturated brine, and dried over anhydrous sodium sulfate. The
solvent was evaporated under reduced pressure. The residue
was subjected to silica gel column chromatography, and a
fraction eluted with ethyl acetate was concentrated under
reduced pressure to give the object product (250 mg).

MS (ESI+, m/e) 600 (M+1)
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Example 100

1-(5-hydroxypentyl)-N-(2-methylpropyl)-N-[(3S,
5R)-5-(morpholin-4-ylcarbonyl)piperidin-3-y1]-1H-
benzimidazole-2-carboxamide dihydrochloride

2HCI

tert-Butyl  (3S,5R)-3-[{[1-(5-hydroxypentyl)-1H-benz-
imidazol-2-yl]carbonyl}(2-methylpropyl)amino]-5-(mor-
pholin-4-ylcarbonyl)piperidine-1-carboxylate (100 mg) was
dissolved in 10-20% hydrogen chloride-methanol (5 ml), and
the mixture was stirred at room temperature for 15 hr. The
reaction mixture was concentrated, and the residue was sub-
jected to reversed-phase preparative HPL.C and the eluted
fraction was concentrated under reduced pressure. The resi-
due was diluted with aqueous sodium bicarbonate, and the
mixture was extracted with ethyl acetate. The extract was
washed with saturated brine, and dried over anhydrous
sodium sulfate. 10-20% Hydrogen chloride-methanol (3 ml)
was added and the mixture was stirred for 5 min. The solvent
was evaporated under reduced pressure to give the object
product (34 mg).

MS (ESI+, m/e) 500 (M+1)

Reference Example 186

tert-butyl (3S,5R)-3-[{[ 1-(5-methoxypentyl)-1H-
benzimidazol-2-yl]carbonyl}(2-methylpropyl)
amino]-5-(morpholin-4-ylcarbonyl)piperidine-1-
carboxylate

Boc

To a solution of tert-butyl (3S,5R)-3-[{[1-(5-hydroxypen-
tyl)-1H-benzimidazol-2-yl]carbonyl }(2-methylpropyl)
amino |-5-(morpholin-4-ylcarbonyl)piperidine- 1 -carboxy-
late (150 mg) and triethylamine (70 pl) in tetrahydrofuran (5
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ml) was added methanesulfonyl chloride (725 pl)at 0° C., and
the mixture was stirred at room temperature for 2 hr. Aqueous
sodium bicarbonate was added to the reaction mixture, and
the mixture was extracted with ethyl acetate. The extract was
washed with saturated brine, dried over anhydrous magne-
sium sulfate, and concentrated under reduced pressure. The
residue was dissolved in methanol (5 ml), 28% sodium meth-
oxide-methanol solution (482 mg) was added at room tem-
perature and the mixture was stirred at 60° C. for 3 days. The
reaction mixture was diluted with aqueous sodium bicarbon-
ate, and the mixture was extracted with ethyl acetate. The
extract was washed with saturated brine, and dried over anhy-
drous sodium sulfate. The solvent was evaporated under
reduced pressure. The residue was subjected to silica gel
column chromatography, and a fraction eluted with ethyl
acetate was concentrated under reduced pressure to give the
object product (123 mg).

MS (ESI+, m/e) 614 (M+1)

Example 101

1-(5-methoxypentyl)-N-(2-methylpropyl)-N-[(3S,
5R)-5-(morpholin-4-ylcarbonyl)piperidin-3-y1]-1H-
benzimidazole-2-carboxamide dihydrochloride

2HCI

tert-Butyl  (3S,5R)-3-[{[1-(5-methoxypentyl)-1H-benz-
imidazol-2-yl]carbonyl} (2-methylpropyl)amino]-5-(mor-
pholin-4-ylcarbonyl)piperidine-1-carboxylate (123 mg) was
dissolved in 4M hydrogen chloride-ethyl acetate (5 ml), and
the mixture was stirred at room temperature for 3 hr. The
reaction mixture was concentrated, and the residue was sub-
jected to reversed-phase preparative HPL.C and the eluted
fraction was concentrated under reduced pressure. The resi-
due was diluted with aqueous sodium bicarbonate, and the
mixture was extracted with ethyl acetate. The extract was
washed with saturated brine, and dried over anhydrous
sodium sulfate. 4M Hydrogen chloride-ethyl acetate (1 ml)
was added and the mixture was stirred for 5 min. The solvent
was evaporated under reduced pressure to give the object
product (76 mg).

MS (ESI+, m/e) 514 (M+1)

In the same manner as in Reference Example 168, the
following compound (Reference Example 187) was obtained.
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Reference Example 187

tert-butyl (3S,5R)-3-[{[1-(4-ethoxy-4-oxobutyl)-1H-
benzimidazol-2-yl]carbonyl}(2-methylpropyl)
amino]-5-(morpholin-4-ylcarbonyl)piperidine-1-
carboxylate

AN N\/\)(LO/\
L
9

N N.

e}

MS (ESI+, m/e) 628 (M+1)

In the same manner as in Reference Example 169, the
following compound (Reference Example 188) was obtained.

Reference Example 188

tert-butyl (3S,5R)-3-[{[1-(4-hydroxybutyl)-1H-benz-
imidazol-2-yl]carbonyl}(2-methylpropyl)amino]-5-
(morpholin-4-ylcarbonyl)piperidine-1-carboxylate

Boc

MS (ESI+, m/e) 586 (M+1)

In the same manner as in Example 100, the following
compound (Example 102) was obtained.
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Example 102
1-(4-hydroxybutyl)-N-(2-methylpropyl)-N-[(3S,5R)-

5-(morpholin-4-ylcarbonyl)piperidin-3-yl]-1H-benz-
imidazole-2-carboxamide dihydrochloride

N\ N\/\/\OH
YNIO
(6]

2HCI

MS (ESI+, m/e) 486 (M+1)
Example 103

1-(4-methoxybutyl)-N-[(3S,5R)-5-(3-methyl-1,2,4-
oxadiazol-5-yl)piperidin-3-y1]-N-(2-methylpropyl)-
1H-benzimidazole-2-carboxamide dihydrochloride

N N
I \/\/\OMe
N

v

HN

6]
2HCI
/N>_
o/
(3R,55)-1-(tert-Butoxycarbonyl)-5-[ {[ 1-(4-methoxybu-
tyl)-1H-benzimidazol-2-yl]carbonyl } (2-methylpropyl)
amino|piperidine-3-carboxylic acid (265 mg), N-hydroxy
acetamidine (56 mg), 1 H-benzotriazol-1-01 (95 mg) and N,N-
diisopropylethylamine (259 pl)) were dissolved in DMF (10
ml), WSC.HCI (144 mg) was added and the mixture was
stirred at room temperature for 15 hr. The reaction mixture
was concentrated under reduced pressure, and the mixture
was extracted with ethyl acetate. The extract was washed with
saturated brine, and dried over anhydrous magnesium sulfate.
The solvent was evaporated under reduced pressure. The
residue was dissolved in toluene (15 ml), and the mixture was
refluxed under heating for 15 hr. The reaction mixture was
cooled to room temperature, and concentrated under reduced
pressure. The residue was subjected to silica gel column
chromatography, and a fraction eluted with ethyl acetate-
hexane (1:1) was concentrated under reduced pressure to give
tert-butyl (3S,5R)-3-[{[1-(4-methoxybutyl)-1H-benzimida-
zol-2-yl]carbonyl }(2-methylpropyl)amino]-5-(3-methyl-1,
2,4-oxadiazol-5-yl)piperidine-1-carboxylate (324 mg). The
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obtained tert-butyl (3S,5R)-3-[{[1-(4-methoxybutyl)-1H-
benzimidazol-2-yl]carbonyl}(2-methylpropyl)amino]-5-(3-
methyl-1,2,4-oxadiazol-5-yl)piperidine-1-carboxylate was
dissolved in 4M hydrogen chloride-ethyl acetate (5 ml), and
the mixture was stirred at room temperature for 3 hr. The
reaction mixture was concentrated, and the residue was
diluted with aqueous sodium bicarbonate, and extracted with
ethyl acetate. The extract was washed with saturated brine,
and dried over anhydrous sodium sulfate. The solvent was
evaporated under reduced pressure. The residue was sub-
jected to basic silica gel column chromatography, and a frac-
tion eluted with ethyl acetate was concentrated under reduced
pressure. The residue was dissolved in methanol (3 ml), 4M
Hydrogen chloride-ethyl acetate (1 ml) was added and the
mixture was stirred for 5 min. The solvent was evaporated
under reduced pressure to give the object product (74 mg).

MS (ESI+, m/e) 469 (M+1)

In the same manner as in Example 12, the following com-
pound (Example 104) was obtained.

Example 104
N-(2-methylpropyl)-N-[(3S,5R)-5-(morpholin-4-

ylcarbonyl)piperidin-3-yl]-1H-benzimidazole-2-
carboxamide dihydrochloride

N NH
X
2HC1
N 0

YGYQ

¢}

MS (ESI+, m/e) 414 (M+1)
Reference Example 189
tert-butyl (3S,5R)-3-{[(1-methyl-1H-benzimidazol-

2-yl)carbonyl](2-methylpropyl)amino }-5-(morpho-
lin-4-ylcarbonyl)piperidine-1-carboxylate

NIN\
W/\N 0
o

N
Boc/

O
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tert-Butyl  (3S,5R)-3-{(1H-benzimidazol-2-ylcarbonyl)
(2-methylpropyl)amino } -5-(morpholin-4-ylcarbonyl )piperi-
dine-1-carboxylate (205 mg) was dissolved in dimethylfor-
mamide (5 ml), methyl iodide (75 pl) and cesium carbonate
(391 mg) were added and the mixture was stirred at room
temperature for 2 hr. The reaction mixture was concentrated
under reduced pressure, diluted with aqueous sodium bicar-
bonate, and the mixture was extracted with ethyl acetate. The
extract was washed with saturated brine, dried over anhy-
drous magnesium sulfate, and concentrated under reduced
pressure. The residue was subjected to silica gel chromatog-
raphy, and a fraction eluted with ethyl acetate-hexane (6:4)
was concentrated under reduced pressure to give the object
product (184 mg).

MS (ESI+, m/e) 528 (M+1)

In the same manner as in Example 12, the following com-
pound (Example 105) was obtained.

Example 105

1-methyl-N-(2-methylpropyl)-N-[ (3S,5R)-5-(mor-
pholin-4-ylcarbonyl)piperidin-3-yl]-1H-benzimida-
zole-2-carboxamide dihydrochloride

MS (ESI+, m/e) 428 (M+1)
Reference Example 190

tert-butyl (3S,5R)-3-[({1-[2-(3-methyl-1,2,4-0oxadia-
z0l1-5-yl)ethyl]-1H-benzimidazol-2-yl}carbonyl)(2-
methylpropyl)amino|-5-(morpholin-4-ylcarbonyl)
piperidine-1-carboxylate
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To a solution of tert-butyl (3S,5R)-3-[{[1-(3-ethoxy-3-
oxopropyl)-1H-benzimidazol-2-yl]carbonyl } (2-methylpro-
pylamino]-5-(morpholin-4-ylcarbonyl)piperidine-1-car-
boxylate (260 mg) in ethanol (5 ml) was added 2M aqueous
sodium hydroxide solution (1.06 ml), and the mixture was
stirred at room temperature for 3 days. The reaction mixture
was adjusted to pH 7 with 1M hydrochloric acid, and
extracted with ethyl acetate. The extract was washed with
saturated brine, and dried over anhydrous sodium sulfate. The
solvent was evaporated under reduced pressure. The residue,
N-hydroxy acetamidine (47 mg), 1H-benzotriazol-1-ol (79
mg) and N,N-diisopropylethylamine (217 pl) were dissolved
in DMF (5 ml), WSC.HCI (121 mg) was added and the
mixture was stirred at 60° C. for 2 hr. The reaction mixture
was concentrated under reduced pressure, and the residue was
diluted with aqueous sodium bicarbonate and extracted with
ethyl acetate. The extract was washed with saturated brine,
and dried over anhydrous magnesium sulfate. The solvent
was evaporated under reduced pressure. The residue was
dissolved in toluene (15 ml), and the mixture was refluxed
under heating for 15 hr. The reaction mixture was cooled to
room temperature, and concentrated under reduced pressure.
The residue was subjected to basic silica gel column chroma-
tography, and a fraction eluted with ethyl acetate-hexane
(7:3) was concentrated under reduced pressure to give the
object product (191 mg).

MS (ESI+, m/e) 624 (M+1)

In the same manner as in Example 12, the following com-
pound (Example 106) was obtained.

Example 106

1-[2-(3-methyl-1,2,4-oxadiazol-5-yl)ethyl]-N-(2-
methylpropyl)-N-[(3S,5R)-5-(morpholin-4-ylcarbo-
nyl)piperidin-3-yl]-1H-benzimidazole-2-carboxam-
ide dihydrochloride

T -

~N

K

MS (ESI+, m/e) 524 (M+1)

In the same manner as in Reference Example 69, the fol-
lowing compound (Reference Example 191) was obtained.
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Reference Example 191

1-tert-butyl 3-methyl (3R,58)-5-[{[1-(2,2-difluoroet-
hy1)-1H-benzimidazol-2-yl]carbonyl} (2-methylpro-
pyDamino]piperidine-1,3-dicarboxylate

F

'SP
Ny

F
(0]
N 0.
Boc/ ~
(0]

MS (ESI+, m/e) 523 (M+1)

In the same manner as in Reference Example 172, the
following compound (Reference Example 192) was obtained.

Reference Example 192

(3R,58)-1-(tert-butoxycarbonyl)-5-[{[1-(2,2-difluo-
roethyl)-1H-benzimidazol-2-yl]carbonyl} (2-methyl-
propyl)amino|piperidine-3-carboxylic acid

F

N N\)\
I F
YN o
N, OH
Boc/
(0]

MS (ESI+, m/e) 509 (M+1)

In the same manner as in Reference Example 39, the fol-
lowing compounds (Reference Examples 193-194) were
obtained.
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Reference Example 193

tert-butyl (3S,5R)-3-[{[1-(2,2-difluoroethyl)-1H-
benzimidazol-2-yl]carbonyl}(2-methylpropyl)
amino]-5-(morpholin-4-ylcarbonyl)piperidine-1-
carboxylate

N

Y

\N\)F\
L

Re)

MS (ESI+, m/e) 578 (M+1)

Reference Example 194

tert-butyl (3S,5R)-3-[{[1-(2,2-difluoroethyl)-1H-
benzimidazol-2-yl]carbonyl}(2-methylpropyl)
amino|-5-(piperidin-1-ylcarbonyl)piperidine-1-car-
boxylate

N N\)\F
¢

MS (ESI+, m/e) 576 (M+1)

In the same manner as in Example 12, the following com-
pounds (Examples 107-108) were obtained.
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Example 107

1-(2,2-difluoroethyl)-N-(2-methylpropyl)-N-[(3S,
5R)-5-(morpholin-4-ylcarbonyl)piperidin-3-y1]-1H-
benzimidazole-2-carboxamide dihydrochloride

\N\)\
Be
Y .

N

2HCI

MS (ESI+, m/e) 478 (M+1)

Example 108

1-(2,2-difluoroethyl)-N-(2-methylpropyl)-N-[(3S,
5R)-5-(piperidin-1-ylcarbonyl)piperidin-3-y1]-1H-
benzimidazole-2-carboxamide dihydrochloride

F
NIN\)\F
N (@]

HI@W/N
o 2HCI

MS (ESI+, m/e) 476 (M+1)

In the same manner as in Reference Example 60, the fol-
lowing compound (Reference Example 195) was obtained.
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Reference Example 195

tert-butyl (3S,5R)-3-[{[1-(2,2-difluoroethyl)-1H-
benzimidazol-2-yl]carbonyl}(2-methylpropyl)
amino]-5-(hydroxymethyl)piperidine-1-carboxylate

F

A
X

N OH
Boc/

MS (ESI+, m/e) 495 (M+1)

In the same manner as in Example 24, the following com-

pound (Example 109) was obtained.

Example 109

1-(2,2-difluoroethyl)-N-[ (3S,5R)-5-(hydroxymethyl)
piperidin-3-yl]-N-(2-methylpropyl)- 1 H-benzimida-
zole-2-carboxamide dihydrochloride

F

NIN\)\ F
W/\N 0

JHCI

HN OH

MS (ESI+, m/e) 395 (M+1)
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In the same manner as in Reference Example 69, the fol- 65

lowing compounds (Reference Examples 196-197) were

obtained.
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Reference Example 196

1-tert-butyl 3-methyl (3R,5S)-5-[ {[1-(1-methyl-
ethyl)-1H-benzimidazol-2-yl]carbonyl } (2-methyl-
propyl)amino|piperidine-1,3-dicarboxylate

R

N (0)
Boc/ ~

X

MS (ESI+, m/e) 501 (M+1)

Reference Example 197

1-tert-butyl 3-methyl (3R,58)-5-{(2-methylpropyl)
[(1-propyl-1H-benzimidazol-2-yl)carbonyl]
amino }piperidine-1,3-dicarboxylate

N

N, (0)
Boc/ ~

N NP N
L
O

MS (ESI+, m/e) 501 (M+1)
In the same manner as in Reference Example 189, the

following compound (Reference Example 198) was obtained.
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Reference Example 198 Reference Example 200
1-tert-butyl 3-methyl (3R,58)-5-[(2-methylpropyl){ (3R,55)-1-(tert-butoxycarbonyl)-5-{(2-methylpro-
[1-(2,2,2-trifluoroethyl)-1H-benzimidazol-2-yl] 5 pyD[(1-propyl-1H-benzimidazol-2-yl)carbonyl]
carbonyl }amino]piperidine-1,3-dicarboxylate amino }piperidine-3-carboxylic acid
10
F

F
N N N N
\)<F ~TN

X X
w/\ N o Y N o
20
N O N OH
Boc/ ™~ Boc/
(6] (6]
25
30
MS (ESI+, m/e) 541 (M+1) MS (ESI+, m/e) 487 (M+1)
In the same manner as in Reference Example 172, the
following compounds (Reference Examples 199-201) were Reference Example 201
obtained.
35
(3R,59)-1-(tert-butoxycarbonyl)-5-[ (2-methylpropyl)
Reference BExample 199 {[1-(2,2,2-trifluoroethyl)-1H-benzimidazol-2-yl]
carbonyl }amino]piperidine-3-carboxylic acid
(3R,58)-1-(tert-butoxycarbonyl)-5-[ {[1-(1-methyl- 40

ethyl)-1H-benzimidazol-2-yl]carbonyl } (2-methyl-
propyl)amino|piperidine-3-carboxylic acid

45 .
N N\)<F
N NY s YNIO
L
o}
o}

N OH
Boc/

N

N
Boc/

55

OH

60

MS (ESI+, m/e) 527 (M+1)

65 In the same manner as in Reference Example 39, the fol-
lowing compounds (Reference Examples 202-204) were
MS (ESI+, m/e) 487 (M+1) obtained.
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Reference Example 202

tert-butyl (3S,5R)-3-[{[1-(1-methylethyl)-1H-benz-
imidazol-2-yl]carbonyl}(2-methylpropyl)amino]-5-
(morpholin-4-ylcarbonyl)piperidine-1-carboxylate

MS (ESI+, m/e) 556 (M+1)

Reference Example 203

tert-butyl (3S,5R)-3-{(2-methylpropyl)[(1-propyl-
1H-benzimidazol-2-yl)carbonyl]amino }-5-(morpho-
lin-4-ylcarbonyl)piperidine-1-carboxylate

MS (ESI+, m/e) 556 (M+1)
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Reference Example 204

tert-butyl (3S,5R)-3-[(2-methylpropyl){[1-(2,2,2-
trifluoroethyl)-1H-benzimidazol-2-yl]
carbonyl }amino]-5-(morpholin-4-ylcarbonyl)piperi-
dine-1-carboxylate

F
P
NIN .
N

NS
@

N
Boc/

MS (ESI+, m/e) 596 (M+1)

In the same manner as in Example 12, the following com-
pounds (Examples 110-112) were obtained.

Example 110

1-(1-methylethyl)-N-(2-methylpropyl)-N-[ (3S,5R)-

5-(morpholin-4-ylcarbonyl)piperidin-3-yl]-1H-benz-

imidazole-2-carboxamide dihydrochloride

HN N

MS (ESI+, m/e) 456 (M+1)
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Example 111

N-(2-methylpropyl)-N-[(3S,5R)-5-(morpholin-4-
ylcarbonyl)piperidin-3-yl]-1-propyl-1H-benzimida-
zole-2-carboxamide dihydrochloride

HN N

NN
YNIO 2HCl
9
o)

MS (ESI+, m/e) 456 (M+1)
Example 112

N-(2-methylpropyl)-N-[(3S,5R)-5-(morpholin-4-
ylcarbonyl)piperidin-3-yl]-1-(2,2,2-trifluoroethyl)-
1H-benzimidazole-2-carboxamide dihydrochloride

F
ks
N N
I F
N 2HCI

N
g

HN N

MS (ESI+, m/e) 496 (M+1)
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In the same manner as in Reference Example 60, the fol- ¢5

lowing compounds (Reference Examples 205-206) were

obtained.

264
Reference Example 205

tert-butyl (3R,58)-3-(hydroxymethyl)-5-{(2-methyl-
propyD)[(1-propyl-1H-benzimidazol-2-yl)carbonyl]
amino }piperidine-1-carboxylate

N NN
YNIO

N OH
Boc/

MS (ESI+, m/e) 473 (M+1)

Reference Example 206

tert-butyl (3R,55)-3-(hydroxymethyl)-5-[(2-methyl-
propyD{[1-(2,2,2-trifluoroethyl)- 1H-benzimidazol-
2-yl]carbonyl }amino |piperidine-1-carboxylate

N N\)F<E
K

N, OH
Boc/

MS (ESI+, m/e) 513 (M+1)

In the same manner as in Example 24, the following com-

pounds (Examples 113-114) were obtained.



US 9,221,836 B2

265
Example 113

N-[(3S,5R)-5-(hydroxymethyl) piperidin-3-y1]-N-(2-

methylpropyl)-1-propyl-1H-benzimidazole-2-car-
boxamide dihydrochloride

NIN\/\
N O
2HCI

o

HN OH

MS (ESI+, m/e) 373 (M+1)
Example 114
N-[(3S,5R)-5-(hydroxymethyl)piperidin-3-yl]-N-(2-

methylpropyl)-1-(2,2,2-trifluoroethyl)-1H-benzimi-
dazole-2-carboxamide dihydrochloride

F
P
NIN .
N @]

HN OH

2HCI

%

MS (ESI+, m/e) 413 (M+1)

In the same manner as in Reference Example 35, the fol-

lowing compound (Reference Example 207) was obtained.
Reference Example 207

1-cyclopropyl-2-(trichloromethyl)-1H-benzimidazole

Z,

Y

266
'H-NMR (CDCl,) 8 1.33-1.42 (2H, m), 1.44-1.54 (2H, m),

3.51-3.61 (1H, m), 7.29-7.43 (2H, m), 7.62-7.68 (1H, m),
7.83-7.90 (1H, m)

In the same manner as in Reference Example 37, the fol-

5 lowing compound (Reference Example 208) was obtained.
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Reference Example 208

1-tert-butyl 3-methyl (3R,5S)-5-{[(1-cyclopropyl-
1H-benzimidazol-2-yl)carbonyl](2-methylpropyl)
amino }piperidine-1,3-dicarboxylate

NIN
Y\N 0
Boc/ ¥ O\
(@]

MS (ESI+, m/e) 499 (M+1)

In the same manner as in Reference Example 172, the

following compound (Reference Example 209) was obtained.

Reference Example 209

(3R, 58)-1-(tert-butoxycarbonyl)-5-{[(1-cyclopropyl-
1H-benzimidazol-2-yl)carbonyl](2-methylpropyl)
amino }piperidine-3-carboxylic acid

NIN.
Y N o
N OH
Boc/
(0]

MS (ESI+, m/e) 485 (M+1)

In the same manner as in Reference Example 39, the fol-

lowing compound (Reference Example 210) was obtained.
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Reference Example 210

tert-butyl (3S,5R)-3-{[(1-cyclopropyl-1H-benzimi-

dazol-2-yl)carbonyl](2-methylpropyl)amino}-5-
(morpholin-4-ylcarbonyl)piperidine-1-carboxylate

2
oY
.

N N,
Boc

¢}

MS (ESI+, m/e) 554 (M+1)
In the same manner as in Example 12, the following com-
pound (Example 115) was obtained.

Example 115
1-cyclopropyl-N-(2-methylpropyl)-N-[(3S,5R)-5-

(morpholin-4-ylcarbonyl)piperidin-3-yl]-1H-benz-
imidazole-2-carboxamide dihydrochloride

2
K

MS (ESI+, m/e) 454 (M+1)
Reference Example 211

ethyl 3-(2-phenylethyl)imidazo[1,2-a]pyridine-2-
carboxylate

/

/
N

\

N

CO,Et

To a solution of ethyl 3-bromo-2-o0xo0-5-phenylpentanoate
(1.9 g) in THF (10 ml) was added 2-aminopyridine (600 mg)
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at room temperature, and the reaction mixture was heated
under reflux for 15 hr. The precipitated crystals were col-
lected by filtration, washed with THF to give 2-amino-1-[3-
ethoxy-2,3-dioxo-1-(2-phenylethyl)propyl|pyridinium bro-
mide (1.36 g). 2-Amino-1-[3-ethoxy-2,3-dioxo-1-(2-
phenylethyl)propyl|pyridinium bromide (1.36 g) was
dissolved in ethanol (10 ml), and the mixture was refluxed
under heating for 3 hr. The reaction mixture was concen-
trated, and dissolved in dichloromethane. The solution was
washed successively with aqueous sodium bicarbonate and
saturated brine, and dried over anhydrous sodium sulfate. The
solvent was evaporated under reduced pressure. The residue
was recrystallized from ethyl acetate-diethyl ether to give the
object product (950 mg).

'"H-NMR (CDCls) 8 1.47 (3H, 1), 3.00 (2H, 1), 3.57 2H, 1),
4.47 (2H, q), 6.73 (1H, ), 7.12-7.13 (2H, m), 7.16-7.27 (4H,
m), 7.65-7.67 (2H, m).

Reference Example 212
ethyl 3-(hydroxymethyl)imidazo[1,2-a]pyridine-2-
carboxylate
N
OH
N
CO,Et

To a solution of ethyl imidazo[1,2-a]pyridine-2-carboxy-
late (5.0 g) in acetic acid (30 ml) were added 37% formalde-
hyde (14 ml) and sodium acetate (8.0 g) at room temperature,
and the reaction mixture was heated under reflux for 15 hr.
The reaction mixture was cooled to room temperature and
dissolved in dichloromethane. The mixture was adjusted to
pH 8 with 10% aqueous sodium hydroxide solution at 0° C.
The organic layer was separated, washed with water and dried
over anhydrous sodium sulfate. The solvent was evaporated
under reduced pressure. The residue was subjected to silica
gel column chromatography, and a fraction eluted with
dichloromethane-methanol (15:1) was concentrated under
reduced pressure to give the object product (2.1 g).

'"H-NMR (CDCl;) 8 1.43 (3H, 1), 4.42 (2H, 1), 5.30 (2H, s),
7.06 (1H, 1), 7.45 (1H, 1), 7.60 (1H, d), 8.50 (1H, d).

Reference Example 213

ethyl 3-(chloromethyl)imidazo|[1,2-a]pyridine-2-
carboxylate hydrochloride

N HCI
cl

CO,Ft
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To a solution of ethyl 3-(hydroxymethyl)imidazo[1,2-a]
pyridine-2-carboxylate (2.85 g) in chloroform (40 ml) was
added thionyl chloride (8.0 ml) at room temperature, and the
mixture was heated under reflux for 12 hr. The reaction solu-
tion was cooled to room temperature, and concentrated under
reduced pressure. The precipitated crystals were collected by
filtration, washed with diethyl ether to give the object product
(3.50 g).

'H-NMR (CDCl,) 8 1.37 (3H, 1), 4.40 (2H, 1), 5.57 (2H, 5),
10

7.34 (1H, 1), 7.67 (1H, 1), 7.82 (1H, m), 8.71 (1H, d).
Reference Example 214

ethyl 3-(phenoxymethyl)imidazo[1,2-a]pyridine-2-
carboxylate

7/ \
I\ o
ANGZ

CO,Ft

A solution of a mixture of phenol (2.20 g) and sodium
hydride (95 wt %, 500 mg) in DMF (40 ml) was added
dropwise to a solution of ethyl 3-(chloromethyl)imidazo[1,2-
a]pyridine-2-carboxylate hydrochloride (3.5 g) in DMF (50
ml) at 0° C. Triethylamine (2.7 ml) was added at the same
temperature over min. The reaction mixture was stirred at 50°
C. for 3 hr, and the reaction mixture was diluted with water
and extracted with ethyl acetate. The extract was washed with
saturated brine, and dried over anhydrous sodium sulfate. The
solvent was evaporated under reduced pressure. The residue
was subjected to silica gel column chromatography, and a
fraction eluted with ethyl acetate-hexane (6:1) was concen-
trated under reduced pressure to give the object product (1.5

g).

'H-NMR (CDCl,) 8 1.31 (3H, 1), 4.34 (2H, 1), 5.80 (2H, 5),
6.97 (1H, 1), 7.06-7.08 (2H, m), 7.12 (1H, 1), 7.29-7.33 (2H,
m), 7.44-7.48 (1H, m), 7.70 (1H, d), 8.54 (1H, d).

Reference Example 215

ethyl 3-[(1E)-4-methoxybut-1-en-1-yl|imidazo[1,2-
a]pyridine-2-carboxylate

/ \

/
N, / /

OMe

CO,Et

To a suspension of (3-methoxypropyl) (triphenyl)phos-
phonium bromide (3.56 g) in THF (50 ml) was added potas-
sium tert-butoxide (0.38 g) at -78° C., and the mixture was
stirred at the same temperature for 30 min. Ethyl
3-formylimidazo[1,2-a]pyridine-2-carboxylate (1.7 g) was
added to the reaction mixture, and the mixture was stirred at
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room temperature for 12 hr. Water was added to the reaction
mixture, and the mixture was extracted with ethyl acetate.
The extract was washed with saturated brine, and dried over
anhydrous sodium sulfate. The solvent was evaporated under
reduced pressure. The residue was subjected to silica gel
column chromatography, and a fraction eluted with ethyl
acetate was concentrated under reduced pressure to give the
object product (256 mg).
MS (ESI+, m/e) 275 (M+1)

Reference Example 216
ethyl 3-(4-methoxybutyl)imidazo[1,2-a]pyridine-2-
carboxylate
N
/ OMe
N
CO,Et

Ethyl 3-[(1E)-4-methoxybut-1-en-1-yl]imidazo[1,2-a|py-
ridine-2-carboxylate (530 mg) and diphenyl sulfide (3.6 mg)
were dissolved in ethyl acetate (13 ml), 10% palladium car-
bon (50% in water) (53 mg) was added and the mixture was
stirred in a hydrogen stream at ambient temperature and nor-
mal pressure for 2.5 hr. The catalyst was filtered off, and the
filtrate was concentrated under reduced pressure. The residue
was subjected to silica gel column chromatography, and a
fraction eluted with ethyl acetate was concentrated under
reduced pressure to give the object product (260 mg).

'H-NMR (CDCl,) 8 1.46 (3H, t), 1.67-1.78 (4H, m), 3.32-
3.34(2H,m),3.33 (3H, s),3.42 (2H,1),4.46 (2H, q), 6.88 (1H,
1), 7.22 (1H, dd), 7.67 (1H, d), 7.99 (1H, d).

Reference Example 217

ethyl 3-(4-methoxybutyl)-5,6,7,8-tetrahydroimidazo
[1,2-a]pyridine-2-carboxylate

/ N OMe

A

CO,Ft

Ethyl 3-[(1E)-4-methoxybut-1-en-1-yl]imidazo[1,2-a|py-
ridine-2-carboxylate (1.40 g) was dissolved in ethyl acetate
(30 ml), 10% palladium carbon (50% in water) (510 mg) was
added and the mixture was stirred in a hydrogen stream at
ambient temperature and normal pressure for 12 hr. The cata-
lyst was filtered off, and the filtrate was concentrated under
reduced pressure. The residue was subjected to silica gel
column chromatography, and a fraction eluted with ethyl
acetate-methanol (5:1) was concentrated under reduced pres-
sure to give the object product (1.14 g).
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'H-NMR (CDCl) 8 1.39 (3H, 1), 1.62-1.67 (4H, m), 1.89-
1.92 (2H, m), 1.99-2.01 (2H, m), 2.89 (2H, 1), 2.92-2.96 (2H,
m), 3.32 (3, s), 3.38-3.41 (2H, m), 3.82-3.85 (2H, m), 4.35
(2H, @).

Reference Example 218

tert-butyl (3S,5R)-3-[(2-methylpropy1){[3-(2-phenyl-
ethyl)imidazo[1,2-a]pyridin-2-yl]carbonyl }amino]-
5-(morpholin-4-ylcarbonyl)piperidine-1-carboxylate

/

/
A

Y\N o

Ethyl 3-(2-phenylethyl)imidazo[ 1,2-a]pyridine-2-car-
boxylate (883 mg) was dissolved in ethanol (50 ml), 2N
aqueous sodium hydroxide solution (3 ml) was added, and the
mixture was stirred at room temperature for 15 hr. The reac-
tion mixture was concentrated under reduced pressure, neu-
tralized with 1N hydrochloric acid, subjected to DIAION
HP-20 (manufactured by Mitsubishi Chemical), and washed
with water. The fraction eluted with acetone was concentrated
under reduced pressure to give 3-(2-phenylethyl)imidazol[1,
2-a]pyridine-2-carboxylic acid (1.03 g). The obtained 3-(2-
phenylethyl)imidazo[1,2-a]pyridine-2-carboxylic acid (341
mg), tert-butyl (3S,5R)-3-[(2-methylpropyl)amino]-5-(mor-
pholin-4-ylcarbonyl)piperidine-1-carboxylate (370 mg) and
N,N-diisopropylethylamine (862 ul) were dissolved in aceto-
nitrile (20 ml), chloro-N,N,N',N'-tetramethylformamidinium
hexafluorophosphate (561 mg) was added and the mixture
was stirred at room temperature for 15 hr. The reaction mix-
ture was concentrated, and the residue was diluted with aque-
ous sodium bicarbonate. The mixture was extracted with
ethyl acetate. The extract was washed with saturated brine,
and dried over anhydrous sodium sulfate. The solvent was
evaporated under reduced pressure. The residue was sub-
jected to basic silica gel column chromatography, and a frac-
tion eluted with ethyl acetate-hexane (9:1) was concentrated
under reduced pressure to give the object product (522 mg).

MS (ESI+, m/e) 618 (M+1)
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Reference Example 219

tert-butyl (3S,5R)-3-[ (2-methylpropyl){[3-(phe-
noxymethyl)imidazo[1,2-a]pyridin-2-yl]
carbonyl }amino]-5-(morpholin-4-ylcarbonyl)piperi-
dine-1-carboxylate

Ethyl 3-(phenoxymethyl)imidazo[1,2-a]pyridine-2-car-
boxylate (889 mg) was dissolved in ethanol (50 ml), 2N
aqueous sodium hydroxide solution (3 ml) was added, and the
mixture was stirred at room temperature for 15 hr. The pre-
cipitated crystals were collected by filtration, and washed
with ethanol to give sodium 3-(phenoxymethyl)imidazo[1,2-
alpyridine-2-carboxylate (680 g). The obtained sodium
3-(phenoxymethyl)imidazo[ 1,2-a]pyridine-2-carboxylate
(290 mg), tert-butyl (3S,5R)-3-[(2-methylpropyl)amino]-5-
(morpholin-4-ylcarbonyl)piperidine-1-carboxylate (370 mg)
and N,N-diisopropylethylamine (862 nl) were dissolved in
acetonitrile (20 ml), chloro-N,N,N',N'-tetramethylformami-
dinium hexafluorophosphate (561 mg) was added and the
mixture was stirred at room temperature for 15 hr. The reac-
tion mixture was concentrated, and the residue was diluted
with aqueous sodium bicarbonate, and extracted with ethyl
acetate. The extract was washed with saturated brine, and
dried over anhydrous sodium sulfate. The solvent was evapo-
rated under reduced pressure. The residue was subjected to
basic silica gel column chromatography, and a fraction eluted
with ethyl acetate-hexane (9:1) was concentrated under
reduced pressure to give the object product (563 mg).

'H-NMR (CDCl,) 8 0.65-1.06 (6H, m), 1.15-1.54 (9H, m),
1.72-2.53 (4H, m), 2.57-3.01 (2H, m), 3.16-5.00 (12H, m),
5.51-5.73 (2H, m), 6.86-7.07 (4H, m), 7.23-7.35 (4H, m),
7.45-7.66 (1H, m), 8.27 (1H, t).

MS (ESI+, m/e) 620 (M+1)

In the same manner as in Example 12, the following com-
pound (Example 116) was obtained.



US 9,221,836 B2

273
Example 116

N-(2-methylpropyl)-N-[(3S,5R)-5-(morpholin-4-
ylcarbonyl)piperidin-3-y1]-3-(2-phenylethyl)imidazo
[1,2-a]pyridine-2-carboxamide dihydrochloride

/' \
—
AN
W/\N 0

MS (ESI+, m/e) 518 (M+1)

Example 117

N-(2-methylpropyl)-N-[(3S,5R)-5-(morpholin-4-
ylcarbonyl)piperidin-3-yl]-3-(phenoxymethyl)imi-
dazo[1,2-a]pyridine-2-carboxamide dihydrochloride

N
/
N / O
\(\ N 0
Y
HN N\)
2HCI
tert-Butyl  (3S,5R)-3-[(2-methylpropyl){[3-(phenoxym-

ethyl)imidazo[1,2-a]pyridin-2-yl]carbonyl }amino]-5-(mor-
pholin-4-ylcarbonyl)piperidine-1-carboxylate (290 mg) was
dissolved in 4M hydrogen chloride-ethyl acetate (5 ml), and
the mixture was stirred at room temperature for 3 hr. The
reaction mixture was concentrated to give the object product
(278 mg).
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'H-NMR (DMSO-d,) 8 0.63-0.97 (6HL, m), 1.74-2.45 (3H,
m), 2.81-4.66 (17H, m), 5.51-5.61 (2H, m), 6.95-7.11 (3H,
m), 7.19-7.38 (3H, m), 7.56-7.81 (2H, m), 8.57-8.69 (1H, m),
9.07-9.69 (2H, m).

MS (ESI+, m/e) 520 (M+1)

Reference Example 220

tert-butyl (3S,5R)-3-[{[3-(4-methoxybutyl)-5,6,7,8-
tetrahydroimidazo[ 1,2-a]pyridin-2-yl]carbonyl} (2-
methylpropyl)amino|-5-(morpholin-4-ylcarbonyl)
piperidine-1-carboxylate

Ethyl 3-(4-methoxybutyl)-5,6,7,8-tetrahydroimidazo[1,2-
a]pyridine-2-carboxylate (56 mg) was dissolved in ethanol (5
ml), lithium hydroxide monohydrate (42 mg) was added and
the mixture was stirred at 50° C. for 6 hr. 8N Aqueous sodium
hydroxide solution (0.1 ml) was added to the reaction mix-
ture, and the mixture was stirred at 60° C. for 15 hr, and
concentrated under reduced pressure. The residue was dis-
solved in acetonitrile (5 ml), tert-butyl (3S,5R)-3-[(2-meth-
ylpropyl)amino]-5-(morpholin-4-ylcarbonyl)piperidine-1-
carboxylate (74 mg), N,N-diisopropylethylamine (172 ul)
and chloro-N,N,N',N'-tetramethylformamidinium hexafluo-
rophosphate (112 mg) were added and the mixture was stirred
at room temperature for 5 hr. The reaction mixture was con-
centrated, and the residue was diluted with aqueous sodium
bicarbonate, and extracted with ethyl acetate. The extract was
washed with saturated brine, and dried over anhydrous
sodium sulfate. The solvent was evaporated under reduced
pressure. The residue was subjected to basic silica gel column
chromatography, and a fraction eluted with ethyl acetate was
concentrated under reduced pressure to give the object prod-
uct (26 mg).

MS (ESI+, m/e) 604 (M+1)

In the same manner as in Example 12, the following com-
pound (Example 118) was obtained.
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Example 118

3-(4-methoxybutyl)-N-(2-methylpropyl)-N-[(3S,5R)-
5-(morpholin-4-ylcarbonyl)piperidin-3-yl1]-5,6,7,8-
tetrahydroimidazo[ 1,2-a]pyridine-2-carboxamide

dihydrochloride
N
N,
/ o
Y N 0
9
HN N\)
2HCI
(6]

MS (ESI+, m/e) 504 (M+1)
Reference Example 221
1-tert-butyl 3-methyl (3R,58)-5-[{[3-(4-methoxybu-

tylimidazo[1,2-a]pyridin-2-yl]carbonyl } (2-methyl-
propyl)amino|piperidine-1,3-dicarboxylate

7\

/
AN o
N O

e}

o

N
Boc/

Ethyl 3-(4-methoxybutyl)imidazo[1,2-a]pyridine-2-car-
boxylate (183 mg) was dissolved in ethanol (5 ml), lithium
hydroxide monohydrate (139 mg) was added and the mixture
was stirred at 60° C. for 15 hr. The reaction mixture was
concentrated under reduced pressure, and the residue was
dissolved in acetonitrile (5 ml). 1-tert-Butyl 3-methyl (3R,
5S)-5-[(2-methylpropyl)amino |piperidine-1,3-dicarboxy-
late (208 mg), N,N-diisopropylethylamine (570 pl) and
chloro-N,N,N'N'-tetramethylformamidinium  hexafluoro-
phosphate (370 mg) were added and the mixture was stirred at
room temperature for 15 hr. The reaction mixture was con-
centrated, and the residue was diluted with aqueous sodium
bicarbonate, and extracted with ethyl acetate. The extract was
washed with saturated brine, and dried over anhydrous
sodium sulfate. The solvent was evaporated under reduced
pressure. The residue was subjected to basic silica gel column
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chromatography, and a fraction eluted with ethyl acetate was
concentrated under reduced pressure to give the object prod-
uct (224 mg).

MS (ESI+, m/e) 545 (M+1)

In the same manner as in Reference Example 172, the
following compound (Reference Example 222) was obtained.

Reference Example 222

(3R,58)-1-(tert-butoxycarbonyl)-5-[ {[3-(4-methoxy-
butyl)imidazo[ 1,2-alpyridin-2-yl]carbonyl} (2-meth-
ylpropyl)amino |piperidine-3-carboxylic acid

N. OH

MS (ESI+, m/e) 531 (M+1)

In the same manner as in Reference Example 39, the fol-
lowing compounds (Reference Examples 223-224) were
obtained.

Reference Example 223

tert-butyl (3S,5R)-3-[{[3-(4-methoxybutyl)imidazo
[1,2-a]pyridin-2-yl]carbonyl }(2-methylpropyl)
amino]-5-(morpholin-4-ylcarbonyl)piperidine-1-
carboxylate

4
/

N, / O/

YN o

MS (ESI+, m/e) 600 (M+1)

\

N



US 9,221,836 B2

277
Reference Example 224

tert-butyl (3S,5R)-3-[{[3-(4-methoxybutyl)imidazo
[1,2-a]pyridin-2-yl]carbonyl } (2-methylpropyl)
amino|-5-(pyrrolidin-1-ylcarbonyl)piperidine-1-car-
boxylate

MS (ESI+, m/e) 584 (M+1)
In the same manner as in Example 12, the following com-
pounds (Examples 119-120) were obtained.

Example 119
3-(4-methoxybutyl)-N-(2-methylpropyl)-N-[(3S,5R)-

5-(morpholin-4-ylcarbonyl)piperidin-3-yl]imidazo[1,
2-a]pyridine-2-carboxamide dihydrochloride

MS (ESI+, m/e) 500 (M+1)

w

10

15

20

25

30

35

N
=3

50

55

60

65

278
Example 120

3-(4-methoxybutyl)-N-(2-methylpropyl)-N-[ (3S,5R)-
5-(pyrrolidin-1-ylcarbonyl)piperidin-3-yl]imidazo[1,
2-a]pyridine-2-carboxamide dihydrochloride

9

2HCI

MS (ESI+, m/e) 484 (M+1)
Example 121

N-(2-methylpropyl)-N-[(3S,5R)-5-(morpholin-4-
ylcarbonyl)piperidin-3-yl]quinoline-2-carboxamide
2 TFA salt

A 0.08M solution (1000 pL., 80 pumol) of tert-butyl (3S,
5R)-3-[(2-methylpropyl)amino]-5-(morpholin-4-ylcarbo-
nyl)piperidine-1-carboxylate in DMF and quinoline-2-car-
boxylic acid (15.2 mg, 88 pumol) were mixed, a 0.32M
solution (500 puL, 160 umol) of chloro-N,N,N',N'-tetrameth-
ylformamidinium hexafluorophosphate and N,N-diisopropy-
lethylamine in DMF was added at room temperature and the
mixture was stirred for 16 hr. After completion of the reaction,
2% aqueous sodium hydrogen carbonate solution (1.0 ml)
was added, and extracted with ethyl acetate (3.5 ml). The
organic layer was separated by upper layer Phase Septube
(manufactured by Wako Pure Chemical Industries, Ltd.). The
solvent was evaporated under reduced pressure, and the resi-
due was dissolved in DMSO-methanol (1:1) (1 ml), purified
by preparative HPL.C, and the object fraction was concen-
trated to give a protected title compound. 1M MSA acetoni-
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trile solution (3 ml) was added to the obtained protected Example 124
compound, and the mixture was stirred at room temperature
for 16 hr. After completion of the reaction, IM DIEA aceto-
nitrile solution (3.5 ml) was added, and the reaction mixture
was directly developed by preparative HPLC to give the 3
object product (12.3 mg).

MS (ESI+): 425 (M+H)
In the same manner as in Example 121, the following
compounds (Examples 122-124) were obtained. 10 Cl

5-chloro-N-(2-methylpropyl)-N-[(3S,5R)-5-(mor-
pholin-4-ylcarbonyl)piperidin-3-yl]-1H-benzimida-
zole-2-carboxamide TFA salt

Example 122

N-(2-methylpropyl)-N-[(3S,5R)-5-(morpholin-4- 15 - \
ylcarbonyl)piperidin-3-yl]isoquinoline-3-carboxam- A
ide 2TFA salt
N

TFA
(@]
} Y

Y
HN N\)

N| / 25 0

N o 2TFA
30
@
HN N\) MS (ESI+): 448 (M+H)
O

35

MS (ESI+): 425 (M+H) Example 125
40
Example 123 N-{(3S,5R)-5-[(1R)-1-hydroxy-2-methoxyethyl]
piperidin-3-yl}-1-(4-methoxybutyl)-N-(2-methylpro-
5-fluoro-N-(2-methylpropyl)-N-[(38,5R)-5-(mor- pyD-1H-benzimidazole-2-carboxamide dihydrochlo-

pholin-4-ylcarbonyl)piperidin-3-y1]-1H-benzimida- ride (Example 125-1) and N-{(38,5R)-5-[(1S)-1-
zole-2-carboxamide TFA salt 45 hydroxy-2-methoxyethyl]piperidin-3-y1}-1-(4-
methoxybutyl)-N-(2-methylpropyl)-1H-
benzimidazole-2-carboxamide dihydrochloride
(Example 125-2)

50

HN N

Va 55
I A A N e e
YN 5 I
(\O . YN
HN N\)
0

HN

(6]
2HCI

H OMe
65

el
Qm

H
MS (ESI+): 432 (M+H)
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-continued
NIN\/\/\O/
N (@]
2HCIL

OMe

OH

tert-Butyl (3R,5S)-3-(1-hydroxy-2-methoxyethyl)-5-[ {[1-
(4-methoxybutyl)-1H-benzimidazol-2-yl|carbonyl}(2-me-
thylpropyl)amino|piperidine-1-carboxylate (7.3 g) and vinyl
acetate (146 ml) were dissolved in isopropanol (292 ml),
lipase (Toyobo, LIP-301, 20 g) was added at room tempera-
ture, and the mixture was stirred at room temperature for 24
hr. The completion of the reaction was confirmed by HPLC,
and the reaction mixture was filtered. The filtrate was con-
centrated under reduced pressure, and the residue was sub-
jected to silica gel column chromatography, and a fraction
eluted with ethyl acetate-hexane (1:9-1:0) was concentrated
under reduced pressure to give a first elution component (3.76
g) and a second elution component (3.15 g). It was confirmed
that the first elution component was a compound of Example
73-1 wherein the hydroxyl group was acetylated, and the
second elution component (99.9% de) was the same as the
compound of Example 73-2.

The obtained first elution component (100 mg) was dis-
solved in methanol (1 ml), 1M aqueous sodium hydroxide
solution (1 ml) was added and the mixture was stirred at room
temperature for 1 hr. 1M Hydrochloric acid (1 ml) was added
to the reaction mixture for neutralization and methanol was
evaporated under reduced pressure. The concentrate was
diluted with water, and the mixture was extracted with ethyl
acetate. The extract was washed with saturated brine, dried
over anhydrous sodium sulfate, and concentrated under
reduced pressure. The residue was dissolved in ethanol (1
ml), 12M hydrochloric acid (0.50 ml) was added and the
mixture was stirred at room temperature for 1 hr. The reaction
mixture was concentrated under reduced pressure, the residue
was dissolved in ethanol, and ethanol was evaporated under
reduced pressure. This operation was repeated twice to give
the object product (52 mg) of Example compound 125-1.

Example 125-1 Spectrum Data

'H-NMR (CDCl,) 8 0.71 (2H, dd), 0.95 (4H, dd), 1.38-
1.63 (2H, m), 1.66-1.86 (3H, m), 1.86-2.04 (1H, m), 2.12 (2H,
dd), 2.59-2.91 (1H, m), 3.02 (1H, d), 3.09-3.22 (4H, m),
3.24-3.39 (9H, m), 3.50 (2H, brs), 3.62 (1H, brs), 4.15 (2H,
brs), 4.21-4.39 (2H, m), 7.15-7.53 (2H, m), 7.55-7.87 (2H,
m), 8.33-9.18 (1H, m), 9.43 (1H, br s)

MS (ESI+, m/e) 461 (M+1)

The obtained second elution component (447 mg) was
dissolved in ethanol (1 ml), 12M hydrochloric acid (0.70 ml)
was added and the mixture was stirred at room temperature
for 1 hr. The reaction mixture was concentrated under
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reduced pressure, the residue was dissolved in ethanol, and
ethanol was evaporated under reduced pressure. This opera-
tion was repeated twice to give the object product (365 mg) of
Example compound 125-2.

Example 125-2 Spectrum Data

'[I-.NMR (CDCl;) & 0.71 (2H, dd), 0.81-1.12 (4H, m),
131-1.61 (2H, m), 1.62-1.98 (5H, m), 1.98-2.23 (2H, m),
2.57-2.87 (1H, m), 3.14 (1H, d), 3.18-3.23 (3H. m), 3.23-3.39
(10H, m), 3.39-3.63 (3H, m), 4.23-4.38 (311, m), 7.16-7.51
(2H, m), 7.55-7.86 (2H, m), 8.29-9.11 (1H, m), 9.38 (1H, br
s)

MS (BSI+, m/e) 461 (M+1)

Example 126

N-{(3S,5R)-5-[(1S)-1-hydroxyethyl]|piperidin-3-y1} -
1-(4-methoxybutyl)-N-(2-methylpropyl)-1H-benz-
imidazole-2-carboxamide dihydrochloride (Example
126-1) and N-{(3S,5R)-5-[(1R)-1-hydroxyethyl]
piperidin-3-yl}-1-(4-methoxybutyl)-N-(2-methylpro-
pyD-1H-benzimidazole-2-carboxamide dihydrochlo-
ride (Example 126-2)

NIN\/\/\O/
N o)
2HCL
I_IN =
il
OH
NIN\/\/\O/
N o)
2HCL

OH

tert-Butyl  (3R,5S)-3-(1-hydroxyethyl)-5-[ {[1-(4-meth-
oxybutyl)-1H-benzimidazol-2-yl]carbonyl }(2-methylpro-
pyDamino]piperidine-1-carboxylate (39.95 g) and vinyl
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acetate (789 ml) were dissolved in isopropanol (1.6 1), lipase
(Toyobo, LIP-301, 120 g) was added at room temperature,
and the mixture was stirred at room temperature for 15 hr. The
completion of the reaction was confirmed by HPL.C, and the
reaction mixture was filtered. The filtrate was concentrated
under reduced pressure, and the residue was subjected to
silica gel column chromatography, and a fraction eluted with
ethyl acetate-hexane (1:9-1:0) was concentrated under
reduced pressure to give a first elution component (23.3 g)
and a second elution component (18.3 g). It was confirmed
that the first elution component was a compound of Example
74-1 wherein the hydroxyl group was acetylated, and the
second elution component (99.8% de) was the same as the
compound of Example 74-2.

The obtained first elution component (100 mg) was dis-
solved in methanol (1 ml), 1M aqueous sodium hydroxide
solution (1 ml) was added and the mixture was stirred at room
temperature for 1 hr. 1M Hydrochloric acid (1 ml) was added
to the reaction mixture for neutralization and methanol was
evaporated under reduced pressure. The concentrate was
diluted with water, and the mixture was extracted with ethyl
acetate. The extract was washed with saturated brine, dried
over anhydrous sodium sulfate, and concentrated under
reduced pressure. The residue was dissolved in ethanol (1
ml), 12M hydrochloric acid (0.50 ml) was added and the
mixture was stirred at room temperature for 1 hr. The reaction
mixture was concentrated under reduced pressure, the residue
was dissolved in ethanol, and ethanol was evaporated under
reduced pressure. This operation was repeated twice to give
the object product (75 mg) of Example compound 126-1.

Example 126-1 Spectrum Data

'H-NMR (CDCl,) 8 0.72 (3H, dd), 0.84-1.18 (7H, m),
1.45-1.66 (3H, m), 1.67-1.98 (3H, m), 2.00-2.19 (2H, m),
2.54-2.81 (1H, m), 2.92-3.23 (5H, m), 3.25-3.40 (4H, m),
3.40-3.70 (3H, m), 4.07-4.47 (3H, m), 7.23-7.51 (2H, m),
7.54-7.91 (2H, m), 8.56-9.55 (1H, m), 9.86 (1M, d)

MS (ESI+, m/e) 431 (M+1)

The obtained second elution component (1.0 g) was dis-
solved in 10% hydrogen chloride containing methanol solu-
tion (40 ml), and the mixture was stirred at room temperature
for 15 hr. The reaction mixture was concentrated under
reduced pressure, the residue was dissolved in ethanol, and
ethanol was evaporated under reduced pressure. This opera-
tion was repeated twice to give the object product (0.86 g) of
Example compound 126-2.

Example 126-2 Spectrum Data

'H-NMR (CDCl,) § 0.71 (3H, dd), 0.94 (3H, d), 1.09 (3H,
dd), 1.27-1.64 (3H, m), 1.70 (1H, s), 1.74-2.00 (4H, m),
2.00-2.29 (1H, m), 2.54-2.76 (1H, m), 3.11 (1H, d), 3.20 (41,
d), 3.24-3.62 (7H, m), 4.32 (3H, d), 7.16-7.54 (2H, m), 7.72
(2H, q), 8.27-9.22 (1H, m), 9.36-9.56 (1H, m)

MS (ESI+, m/e) 431 (M+1)
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Example 127

N-{(3S,5R)-5-[(18)-1-hydroxypropyl]piperidin-3-
yl1}-1-(4-methoxybutyl)-N-(2-methylpropyl)-1H-
benzimidazole-2-carboxamide dihydrochloride (Ex-
ample 127-1) and N-{(3S,5R)-5-[(1R)-1-
hydroxypropyl]piperidin-3-y1}-1-(4-methoxybutyl)-
N-(2-methylpropyl)-1H-benzimidazole-2-
carboxamide dihydrochloride (Example 127-2)

N

W/\N

HN

2HCI

o

N

N
I \/\/\O/
N 0

O

jus)
QO

H

2HCI

v

OH

tert-Butyl (3R,5S)-3-(1-hydroxypropyl)-5-[ {[1-(4-meth-
oxybutyl)-1H-benzimidazol-2-yl]carbonyl }(2-methylpro-
pyDamino]piperidine-1-carboxylate (16.4 g) and vinyl
acetate (328 ml) were dissolved in isopropanol (656 ml),
lipase (Toyobo, LIP-301, 65.6 g) and molecular sieves 4A
(65.6 g) were added at room temperature, and the mixture was
stirred at room temperature for 77 hr. Lipase (Toyobo, LIP-
301, 8.2 g) was added to the reaction mixture, and the mixture
was stirred at room temperature for 118 hr. Lipase (Toyobo,
LIP-301, 16.4 g) was again added to the reaction mixture, and
the mixture was stirred at room temperature for 140 hr. Lipase
(Toyobo, LIP-301, 16.4 g) was further added to the reaction
mixture, and the mixture was stirred at room temperature for
333 hr. The completion of the reaction was confirmed by
HPLC, and the reaction mixture was filtered. The filtrate was
concentrated under reduced pressure, and the residue was
subjected to silica gel column chromatography, and a fraction
eluted with ethyl acetate-hexane (1:9-3:2) was concentrated
under reduced pressure to give a first elution component (9.5
g) and a second elution component (8.0 g). It was confirmed
that the first elution component was a compound of Example
75-1 wherein the hydroxyl group was acetylated, and the
second elution component (99.7% de) was the same as the
compound of Example 75-2.

The obtained first elution component (100 mg) was dis-
solved in methanol (1 ml), 1M aqueous sodium hydroxide
solution (1 ml) was added and the mixture was stirred at room
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temperature for 1 hr. 1M Hydrochloric acid (1 ml) was added
to the reaction mixture for neutralization and methanol was
evaporated under reduced pressure. The concentrate was
diluted with water, and the mixture was extracted with ethyl
acetate. The extract was washed with saturated brine, dried
over anhydrous sodium sulfate, and concentrated under
reduced pressure. The residue was dissolved in ethanol (1
ml), 12M hydrochloric acid (0.50 ml) was added and the
mixture was stirred at room temperature for 1 hr. The reaction
mixture was concentrated under reduced pressure, the residue
was dissolved in ethanol, and ethanol was evaporated under
reduced pressure. This operation was repeated twice to give
the object product (62 mg) of Example compound 127-1.

Example 127-1 Spectrum Data

'H-NMR (CDCl,) 8 0.71 (2H, dd), 0.79-1.11 (7H, m),
1.32-1.58 (4H, m), 1.60-1.68 (1H, m), 1.70-1.85 (3H, m),
1.87-2.20 (2H, m), 2.59-2.87 (1H, m), 3.00 (1H, d), 3.08-3.23
(4H, m), 3.23-3.41 (6H, m), 3.49 (1H, d), 3.89-4.23 (2H, m),
4.23-4.55 (2H, m), 7.16-7.52 (2H, m), 7.55-7.86 (2H, m),
8.24-9.18 (1H, m), 9.21-9.57 (1H, m)

MS (ESI+, m/e) 445 (M+1)

The obtained second elution component (0.85 g) was dis-
solved in ethanol (2 ml), 12M hydrochloric acid (1.5 ml) was
added, and the mixture was stirred at room temperature for 1
hr. The reaction mixture was concentrated under reduced
pressure, the residue was dissolved in ethanol, and ethanol
was evaporated under reduced pressure. This operation was
repeated twice to give the object product (0.64 g) of Example
compound 127-2.

Example 127-2 Spectrum Data

'H-NMR (CDCl,) 8 0.71 (2H, dd), 0.78-1.01 (7H, m),
1.26-1.66 (4H, m), 1.66-1.86 (4H, m), 1.93 (1H, d), 2.02-2.23
(1H, m), 2.53-2.84 (1H, m), 3.03-3.24 (5H, m), 3.31 (5H, q),
3.37-3.56 (2H, m), 4.16 (2H, br s), 4.22-4.44 (2H, m), 7.16-
7.54 (2H, m), 7.54-7.87 (2H, m), 8.16-9.27 (1H, m), 9.36-
9.84 (1H, m)

MS (ESI+, m/e) 445 (M+1)

In the same manner as in Reference Example 82, the fol-
lowing compound (Reference Example 225) was obtained.

Reference Example 225
tert-butyl (3S,5R)-3-[{[1-(4-methoxybutyl)-1H-ben-
zimidazol-2-yl|carbonyl}(2-methylpropyl)amino]-5-

[(4-methoxypiperidin-1-yl)carbonyl]piperidine-1-
carboxylate

"N N\/\/\O/

pré\fg\

MS (ESI+, m/e) 628 (M+1)
In the same manner as in Example 25, the following com-
pound (Example 128) was obtained.
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Example 128

1-(4-methoxybutyl)-N-{(3S,5R)-5-[(4-methoxypip-

eridin-1-yl)carbonyl]piperidin-3-y1}-N-(2-methyl-

propyl)-1H-benzimidazole-2-carboxamide dihydro-
chloride

N\/\/\O

2HCI

éﬂ\

MS (ESI+, m/e) 528 (M+1)
Example 129

1-(3-ethoxypropyl)-N-(2-methylpropyl)-N-[(3S,5R)-
5-(morpholin-4-ylcarbonyl)piperidin-3-yl]-1H-benz-
imidazole-2-carboxamide trifluoroacetate

NG N N N
X

*TFA (6]

A 0.16M solution (500 pl, 80 umol) of tert-butyl (3S,5R)-
3-[(2-methylpropyl)amino]-5-(morpholin-4-ylcarbonyl)pip-
eridine-1-carboxylate in toluene, a 0.32M solution (500 pL,
160 pmol) of triphenylphosphine in toluene, and a 0.32M
solution (500 pl, 160 pmol) of 3-ethoxypropan-1-ol in tolu-
ene were mixed, diisopropyl azodicarboxylate (30 pL, 160
umol) was added at room temperature and the mixture was
stirred for 16 hr. 4N Hydrochloric acid-ethyl acetate solution
(2.0 ml) was added to the reaction mixture, and the mixture
was further stirred at room temperature for 5 hr. 4N Aqueous
sodium hydroxide solution (2.0 ml) was added, and the mix-
ture was neutralized and extracted. The organic layer was
separated by upper layer Phase Septube (manufactured by
Wako Pure Chemical Industries, [td.). The solvent was
evaporated under reduced pressure, and the residue was dis-
solved in DMSO-methanol (1:1) (1 ml) and purified by pre-
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parative HPL.C. The object fraction was concentrated, and the
residue was diluted with aqueous calcium carbonate solution
and extracted with ethyl acetate. The extract was washed with
saturated brine, and dried over anhydrous magnesium sulfate.
The solvent was evaporated under reduced pressure to give
the title compound (38.4 mg).

MS (ESI+): 500 (M+H)
In the same manner as in Example 129, the following
compounds (Examples 130-146) were obtained.

Example 130

1-(4-methoxybutyl)-N-(2-methylpropyl)-N-[(3S,5R)-
5-(morpholin-4-ylcarbonyl)piperidin-3-yl]-1H-benz-
imidazole-2-carboxamide trifluoroacetate

N

CH;

HC
w/\N o TFA
CH;
o
N N\)
(@]

MS (ESI+, m/e) 500 (M+1)
Example 131

1-(3-methoxypropyl)-N-(2-methylpropyl)-N-[(3S,
5R)-5-(morpholin-4-ylcarbonyl)piperidin-3-y1]-1H-
benzimidazole-2-carboxamide trifluoroacetate

N

\_-N o
HLC NN Nl

>/\ :
N TFA

H;C o]
//\O
N\J

MS (ESI+, m/e) 486 (M+1)
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Example 132
N-(2-methylpropyl)-1-[3-(methylsulfanyl) propyl]-
N-[(3S,5R)-5-(morpholin-4-ylcarbonyl)piperidin-3-

yl]-1H-benzimidazole-2-carboxamide trifluoroac-
etate

YD

CH;
TFA
H,C

MS (ESI+, m/e) 502 (M+1)
Example 133
N-(2-methylpropyl)-1-[2-(methylsulfanyl)ethyl]-N-

[(3S,5R)-5-(morpholin-4-ylcarbonyl)piperidin-3-yl]-
1H-benzimidazole-2-carboxamide trifluoroacetate

&

AL

X5

MS (ESI+, m/e) 488 (M+1)
Example 134

1-ethyl-N-(2-methylpropyl)-N-[(3R,5S)-5-(morpho-
lin-4-ylcarbonyl)piperidin-3-yl|-1H-benzimidazole-
2-carboxamide trifluoroacetate

e

U

<

MS (ESI+, m/e) 442 (M+1)
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Example 135

1-(1-methylethyl)-N-(2-methylpropyl)-N-[ (3S,5R)-
5-(morpholin-4-ylcarbonyl)piperidin-3-yl]-1H-benz-
imidazole-2-carboxamide trifluoroacetate

4@

MS (ESI+, m/e) 456 (M+1)
Example 136

N-(2-methylpropyl)-N-[(3S,5R)-5-(morpholin-4-
ylcarbonyl)piperidin-3-yl]-1-propyl-1H-benzimida-
zole-2-carboxamide trifluoroacetate

\_-N
HiC NN,

HsC 0 TFA

MS (ESI+, m/e) 456 (M+1)
Example 137

1-butyl-N-(2-methylpropyl)-N-[(3S,5R)-5-(morpho-
lin-4-ylcarbonyl)piperidin-3-yl]|-1H-benzimidazole-
2-carboxamide trifluoroacetate

N\_-N c
H;C ~NTN

H;C 0 TFA

MS (ESI+, m/e) 470 (M+1)
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Example 138

N-(2-methylpropyl)-N-[(3S,5R)-5-(morpholin-4-

ylcarbonyl)piperidin-3-yl]-1-(pent-3-yn-1-y1)-1H-
benzimidazole-2-carboxamide trifluoroacetate

MS (ESI+, m/e) 480 (M+1)
Example 139

1-[(2-methylcyclopropyl)methyl]-N-(2-methylpro-

pyD-N-[(3S,5R)-5-(morpholin-4-ylcarbonyl)piperi-

din-3-yl]-1H-benzimidazole-2-carboxamide trifluo-
roacetate

Oy

R
vy

MS (ESI+, m/e) 482 (M+1)
Example 140

1-(2,2-difluoroethyl)-N-(2-methylpropyl)-N-[(3S,
5R)-5-(morpholin-4-ylcarbonyl)piperidin-3-y1]-1H-
benzimidazole-2-carboxamide trifluoroacetate

4@

MS (ESI+, m/e) 478 (M+1)
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Example 141

N-(2-methylpropyl)-N-[(3S,5R)-5-(morpholin-4-
ylcarbonyl)piperidin-3-yl]-1-(3,3,3-trifluoropropyl)-
1H-benzimidazole-2-carboxamide trifluoroacetate

N

TFA S/

H;C

3

O/w
0
N
CH;

MS (ESI+, m/e) 510 (M+1)

Example 142

N-(2-methylpropyl)-N-[(3S,5R)-5-(morpholin-4-
ylcarbonyl)piperidin-3-yl]-1-(4,4,4-trifluorobutyl)-
1H-benzimidazole-2-carboxamide trifluoroacetate

0 CHs

TFA N
F
F N
F

MS (ESI+, m/e) 524 (M+1)

w
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Example 143

N-(2-methylpropyl)-N-[(3S,5R)-5-(morpholin-4-
ylcarbonyl)piperidin-3-yl]-1-(4-oxopentyl)-1H-benz-
imidazole-2-carboxamide trifluoroacetate

MS (ESI+, m/e) 498 (M+1)

Example 144

N-(2-methylpropyl)-N-[(3S,5R)-5-(morpholin-4-
ylcarbonyl)piperidin-3-yl]-1-(2-(pyridin-2-yl)ethyl)-
1H-benzimidazole-2-carboxamide ditrifluoroacetate

Z
Z

MS (ESI+, m/e) 519 (M+1)
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Example 145

N-(2-methylpropyl)-N-[(3S,5R)-5-(morpholin-4-

ylcarbonyl)piperidin-3-yl]-1-(2-(pyridin-3-yl)ethyl)-
1H-benzimidazole-2-carboxamide ditrifluoroacetate

4*@

N

MS (ESI+, m/e) 519 (M+1)
Example 146
N-(2-methylpropyl)-1-[2-(4-methyl-1,3-thiazol-5-y1)

ethyl]-N-[(3S,5R)-5-(morpholin-4-ylcarbonyl)piperi-
din-3-yl]-1H-benzimidazole-2-carboxamide trifluo-

roacetate
(@]
CH; TFA
N
N AN 0
\\_ N O
N
/ N N
N
CH;
H;C

MS (ESI+, m/e) 539 (M+1)
Reference Example 225

ethyl 2-tert-butyl-6-oxo-1,6-dihydropyrimidine-5-
carboxylate

To a solution of diethyl 2,2-dimethylpropanimidamide
hydrochloride (1.36 g) and (ethoxymethylene)malonate
(2.16 g) in ethanol (100 m1) was added 20% sodium ethoxide-
ethanol solution (6.8 g) under ice-cooling, and the mixture
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was stirred at 80° C. for 5 hr. The reaction mixture was
concentrated under reduced pressure, 1M hydrochloric acid
(10 ml) was added under ice-cooling, and the mixture was
extracted with ethyl acetate. The extract was concentrated
under reduced pressure, hexane was added to the residue, and
the precipitate was collected by filtration to give the object
product (1.65 g) as a powder.

MS (ESI+, m/e) 225 (M+1)

'"H-NMR (CDCl5) 8 1.33-1.41 (3H, m), 1.43 (9H, 5), 4.32-
4.41 (2H, m), 8.72 (1H, s).

Reference Example 226

2-tert-butyl-6-ox0-1,6-dihydropyrimidine-5-carboxy-
lic acid

NZ Nu
AN (6]
HO (6]
Ethyl  2-tert-butyl-6-ox0-1,6-dihydropyrimidine-5-car-

boxylate (43.9 g) was dissolved in ethanol (200 ml), 2M
aqueous sodium hydroxide solution (330 ml) was added and
the mixture was stirred at room temperature for 40 hr. The
reaction mixture was concentrated under reduced pressure,
and aqueous layer of the mixture was adjusted to pH 8 with
6M hydrochloric acid. The mixture was concentrated under
reduced pressure and azeotroped with 2-propanol. The resi-
due was suspended in acetone, and insoluble powder was
collected by filtration. The obtained powder was suspended in
1M hydrochloric acid and the mixture was adjusted to pH 3,
and concentrated under reduced pressure. The residue was
azeotroped with 2-propanol, and the insoluble material was
suspended in acetone and filtered off. The filtrate was con-
centrated under reduced pressure to give the object product
(32.8 g) as a powder.

'H-NMR (DMSO-d,) 8 1.45 (9H, s), 8.99 (1H, s), 10.59
(1H, brs), 12.47 (1H, br s).

Reference Example 227
1-tert-butyl 3-methyl (3R,5S)-5-{[(2-tert-butyl-4-

chloropyrimidin-5-yl)carbonyl](isobutyl)
amino }piperidine-1,3-dicarboxylate

N Xy

| F

Cl

O
><O\I(1/N l O
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2-tert-Butyl-6-o0x0-1,6-dihydropyrimidine-5-carboxylic
acid (3.25 g) was dissolved in THF (60 ml), thionyl chloride
(4.3 ml) and DMF (5 drops) were added and the mixture was
heated under reflux with stirring for 2.5 hr. The reaction
mixture was cooled to room temperature, concentrated under
reduced pressure, and the residue was azeotroped with tolu-
ene. The obtained residue was suspended in THF (50 ml), and
the suspension was added to a solution of 1-tert-butyl 3-me-
thyl (3R,5S)-5-(isobutylamino)piperidine-1,3-dicarboxylate
(4.13 g) and diisopropylethylamine (9.15 pl) in THF (50 ml)
and the mixture was stirred at room temperature for 8 hr. The
reaction mixture was concentrated under reduced pressure,
diluted with water, and extracted with ethyl acetate. The
extract was washed with saturated brine, and dried over anhy-
drous magnesium sulfate. The solvent was evaporated under
reduced pressure. The residue was subjected to silica gel
column chromatography, and a fraction eluted with ethyl
acetate-hexane (1:19-2:3) was concentrated under reduced

pressure to give the object product (6.29 g).

MS (ESI+, m/e) 511 (M+1)

Reference Example 228

1-tert-butyl 3-methyl (3R,5S)-5-{[(2-tert-butyl-4-
(hex-1-yn-1-yl)pyrimidin-5-yl)carbonyl](2-methyl-
propyl)amino }piperidine-1,3-dicarboxylate

SN

/
X

\(\N o
YT@WO\

1-tert-Butyl 3-methyl (3R,5S)-5-{[(2-tert-butyl-4-chloro-
pyrimidin-5-yl)carbonyl](isobutyl)amino }piperidine-1,3-di-
carboxylate (300 mg), dichloro| bis(triphenylphosphine)|pal-
ladium (412 mg), copper iodide (112 mg) and N,N-
diisopropylethylamine (0.51 pl.) were dissolved in DMF (8
ml), and the mixture was stirred at room temperature for 15
min. 1-Hexyne (0.08 ml) was added and the mixture was
stirred at room temperature 2 hr, and further at 70° C. for 8 hr.
The mixture was cooled to room temperature, adsorbed to
silica gel (10 g), and a fraction eluted with ethyl acetate was
concentrated under reduced pressure. The residue was sub-
jected to silica gel column chromatography, and a fraction
eluted with hexane-ethyl acetate (95:5-30:70) was concen-
trated under reduced pressure to give the object product (218
mg).

MS (ESI+, m/e) 557 (M+1)
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Reference Example 229

1-tert-butyl 3-methyl (3R,5S)-5-{[(2-tert-butyl-4-
hexylpyrimidin-5-yl)carbonyl](2-methylpropyl)
amino }piperidine-1,3-dicarboxylate

L

e

\(\N o
ﬁréﬁ\

1-tert-Butyl 3-methyl (3R,5S)-5-{[(2-tert-butyl-4-(hex-1-
yn-1-yl) pyrimidin-5-yl)carbonyl](2-methylpropyl)
amino }piperidine-1,3-dicarboxylate (218 mg) and palla-
dium-carbon (20 mg) were suspended in methanol and the
mixture was stirred under a hydrogen atmosphere (1 atom) at
room temperature for 16 hr. The palladium catalyst was fil-
tered off, and the filtrate was concentrated under reduced
pressure to give the object product (219 mg) as a solid.

MS (ESI+, m/e) 561 (M+1)

Reference Example 230

tert-butyl (3S,5R)-3-{[(2-tert-butyl-4-hexylpyrimi-
din-5-yl)carbonyl](2-methylpropyl)amino} -5-(mor-
pholin-4-ylcarbonyl)piperidine-1-carboxylate

\‘/\N o
=
ﬁréwv

1-tert-Butyl 3-methyl (3R,5S)-5-{[(2-tert-butyl-4-hexy-
Ipyrimidin-5-yl)carbonyl](2-methylpropyl)
amino }piperidine-1,3-dicarboxylate (219 mg) was dissolved
in methanol (3 ml) and THF (2 ml), 1M aqueous sodium
hydroxide solution (2 ml) was added and the mixture was
stirred at room temperature for 2 hr. The reaction mixture was
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concentrated under reduced pressure, and the aqueous layer
of the mixture was adjusted to pH 5-6 with saturated aqueous
ammonium chloride solution, and the mixture was extracted
with ethyl acetate. The extract was washed with saturated
brine, and dried over anhydrous magnesium sulfate. The sol-
vent was evaporated under reduced pressure. The obtained
residue, morpholine (41 pl), 1H-benzotriazol-1-ol (30 mg)
and triethylamine (140 pl) were dissolved in 1,2-dichloroet-
hane (4 ml), WSC.HCI (115 mg) was added and the mixture
was stirred at room temperature for 3 days. The reaction
mixture was poured into water, and the mixture was extracted
with ethyl acetate. The extract was washed with saturated
brine, and dried over anhydrous magnesium sulfate. The sol-
vent was evaporated under reduced pressure. The residue was
subjected to silica gel column chromatography, and a fraction
eluted with ethyl acetate-hexane (5:95-80:20) was concen-
trated under reduced pressure to give the object product (88
mg).
MS (ESI+, m/e) 616 (M+1)

Reference Example 231

4-chloro-1-(4-methoxybutyl)-2-phenyl-1H-imida-
zole-5-carbaldehyde

To a solution of 4-chloro-2-phenyl-1H-imidazole-5-car-
baldehyde (500 mg) and 4-methoxybutyl methanesulfonate
(660 mg) in N,N-dimethylacetamide (10 ml) was added
cesium carbonate (2.4 g); and the mixture was stirred at 90° C.
for 7 hr. After cooling to room temperature, the reaction
mixture was diluted with water and extracted with ethyl
acetate. The extract was washed with saturated brine, and
dried over anhydrous magnesium sulfate. The solvent was
evaporated under reduced pressure. The residue was sub-
jected to silica gel column chromatography, and a fraction
eluted with ethyl acetate-hexane (5:95-3:7) was concentrated
under reduced pressure to give the object product (702 mg).

'H-NMR (CDCl,) &: 1.43-1.58 (2H, m), 1.76-1.88 (2H,
m),3.27 (3H,),3.30 (2H, 1), 4.31-4.40 (2H, m), 7.52 (2H, d),
7.41-7.56 (1H, m), 7.56-7.69 (2H, m), 9.85 (1H, s).

MS (ESI+, m/e) 293 (M+1)

In the same manner as in the method shown in Reference

Example 231, the following compound (Reference Example
232) was obtained.
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Reference Example 232

2-butyl-4-chloro-1-(4-methoxybutyl)-1H-imidazole-
5-carbaldehyde

'[I-NMR (CDCL,) §: 0.96 (3H, 1), 1.33-1.49 (2H, m), 1.60
(2H, d), 1.68-1.85 (2H, m), 1.76 (2H, quin), 2.67 (1H, d), 2.67
(1H, s), 3.33 BH, 5), 3.41 2H, 1), 4.27 (1H, 5, 4.23 (1H, d),
9.72 (1H, s).

MS (ESI+, m/e) 273 (M+1)

Reference Example 233

4-chloro-1-(4-methoxybutyl)-2-phenyl-1H-imida-
zole-5-carboxylic acid

To a solution of 4-chloro-1-(4-methoxybutyl)-2-phenyl-
1H-imidazole-5-carbaldehyde (790 mg) in tert-butanol (15
ml) and 2-methyl-2-butene (1.5 ml) was added aqueous solu-
tion (4 ml) of sodium chlorite (300 mg) and sodium dihydro-
gen phosphate (400 mg), and the mixture was stirred at room
temperature for 12 hr. 1M Hydrochloric acid was added, and
the mixture was adjusted to pH 3, and extracted with ethyl
acetate. The extract was washed with saturated brine, and
dried over anhydrous magnesium sulfate. The solvent was
evaporated under reduced pressure to give the object product
(730 mg).

MS (ESI+, m/e) 309 (M+1)

In the same manner as in the method shown in Reference
Example 233, the following compound (Reference Example
234) was obtained.
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Reference Example 234

2-butyl-4-chloro-1-(4-methoxybutyl)-1H-imidazole-
5-carboxylic acid

HO (6]

MS (ESI+, m/e) 289 (M+1)
Reference Example 235

tert-butyl (3S,5R)-3-[{[4-chloro-1-(4-methoxybutyl)-

2-phenyl-1H-imidazol-5-yl]carbonyl} (2-methylpro-

pyDamino]-5-(morpholin-4-ylcarbonyl)piperidine-1-
carboxylate

AN~ 7
\(\N o
(\o
YTN@WN

4-Chloro-1-(4-methoxybutyl)-2-phenyl-1H-imidazole-5-

carboxylic acid (309 mg), tert-butyl (3S,5R)-3-[(2-methyl-
propyl)amino]-5-(morpholin-4-ylcarbonyl)piperidine-1-car-
boxylate (370 mg) obtained in Reference Example 22 and
N,N-diisopropylethylamine (270 ul) were dissolved in 1,2-
dichloroethane (8 ml), chloro-N,N,N',N'-tetramethylforma-
midinium hexafluorophosphate (340 mg) was added and the
mixture was stirred at room temperature for 4 days. The
reaction mixture was diluted with saturated aqueous sodium
hydrogen carbonate solution and extracted with ethyl acetate.
The extract was washed with saturated brine, and dried over
anhydrous magnesium sulfate. The solvent was evaporated
under reduced pressure. The residue was subjected to silica
gel column chromatography, and a fraction eluted with ethyl
acetate-hexane (10:90-100:0) was concentrated under
reduced pressure to give the object product (425 mg).

MS (ESI+, m/e) 661 (M+1)
In the same manner as in the method shown in Reference

Example 235, the following compound (Reference Example
236) was obtained.
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Reference Example 236

tert-butyl (3S,5R)-3-[{[2-butyl-4-chloro-1-(4-meth-

oxybutyl)-1H-imidazol-5-yl]carbonyl} (2-methylpro-

pyDamino]-5-(morpholin-4-ylcarbonyl)piperidine-1-
carboxylate

/

(T
&
Y

MS (ESI+, m/e) 641 (M+1)

@

N

Reference Example 237

tert-butyl (3S,5R)-3-[{[ 1-(4-methoxybutyl)-2-phe-
nyl-1H-imidazol-5-yl]carbonyl } (2-methylpropyl)
amino]-5-(morpholin-4-ylcarbonyl)piperidine-1-
carboxylate

N=—

N o~
OTN

tert-Butyl  (3S,5R)-3-[{[4-chloro-1-(4-methoxybutyl)-2-
phenyl-1H-imidazol-5-yl]carbonyl} (2-methylpropyl)
amino]-5-(morpholin-4-ylcarbonyl)piperidine- 1-carboxy-
late (200 mg), palladium(II) hydroxide-carbon (20 mg) and
potassium acetate (30 mg) were suspended in methanol (10
ml), and the mixture was stirred under a hydrogen atmosphere
(1 atom) at room temperature for 1 day. The palladium cata-
lyst was filtered off and the filtrate was concentrated under
reduced pressure. The residue was suspended in water, and
the suspension was extracted with ethyl acetate. The extract
was washed with saturated brine, and dried over anhydrous
magnesium sulfate. The solvent was evaporated under
reduced pressure. The residue was subjected to silica gel
column chromatography, and a fraction eluted with ethyl

7
(6]
0
(6]
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acetate-hexane (10:90-80:20) was concentrated under
reduced pressure to give the object product (90 mg).
MS (ESI+, m/e) 626 (M+1)
In the same manner as in the method shown in Reference

Example 237, the following compound (Reference Example
238) was obtained.

Reference Example 238

tert-butyl (3S,5R)-3-[{[2-butyl-1-(4-methoxybutyl)-
1H-imidazol-5-yl|carbonyl } (2-methylpropyl)amino]-
5-(morpholin-4-ylcarbonyl)piperidine-1-carboxylate

MS (ESI+, m/e) 606 (M+1)

Reference Example 239

tert-butyl N-[cyclohexyl(imino)methyl]glycinate

Oﬁﬂx

To a solution of cyclohexanecarboximidamide hydrochlo-
ride (2.00 g) and tert-butyl glycinate hydrochloride (2.06 g) in
DMF (16 ml) was added triethylamine (4.30 ml) at room
temperature, and the mixture was stirred at 60° C. for 3 hr. The
reaction mixture was cooled to room temperature, diluted
with water, and the mixture was extracted with ethyl acetate.
The extract was washed with saturated brine, and dried over
anhydrous magnesium sulfate. The solvent was evaporated
under reduced pressure to give the object product (0.84 g).

'H-NMR (CDCly) 8: 1.26-1.34 (4H, m), 1.48 (7H, d),
1.63-1.78 (2H, m), 1.79-1.91 (1H, m), 1.84 (2H, dd), 1.97
(2H, d), 2.43 (1H, t), 3.93-4.02 (1H, m), 4.09 (2H, d).
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Reference Example 240

4-chloro-2-cyclohexyl-1H-imidazole-5-carbaldehyde

tert-Butyl N-[cyclohexyl(imino)methyl|glycinate (830
mg) was dissolved in a solution (10%, 15 ml) of trifluoroace-
tic acid in 1,2-dichloroethane and the mixture was stirred at
room temperature for 1 day. The reaction mixture was con-
centrated under reduced pressure. The residue was suspended
in toluene, phosphorus oxychloride (3.21 ml) was added and
the mixture was stirred at 80° C. for 30 min. DMF (2.67 ml)
was added and the mixture was stirred at 100° C. for 5 hr. The
reaction mixture was ice-cooled, basified by pouring into an
aqueous sodium hydroxide solution, and extracted with ethyl
acetate. The extract was washed with saturated brine, and
dried over anhydrous magnesium sulfate. The solvent was
evaporated under reduced pressure. The residue was sub-
jected to silica gel column chromatography, and a fraction
eluted with ethyl acetate-hexane (10:90-100:0) was concen-
trated under reduced pressure to give the object product (495
mg).

"H-NMR (CDCl,) 8: 1.22-1.34 (1H, m), 1.39 (1H, dt), 1.57
(2H, qd), 1.74 (1H, ddd), 1.80-1.89 (1H, m), 1.83 (2H, dd),
2.02 (1H, d), 2.06 (1H, d), 2.79 (1H, tt), 9.65 (1H, s), 10.59
(1H, brs).

In the same manner as in the method shown in Reference
Example 231, the following compound (Reference Example
241) was obtained.

Reference Example 241

4-chloro-2-cyclohexyl-1-(4-methoxybutyl)-1H-imi-
dazole-5-carbaldehyde

(NN
[ O\

Cl H
(6]

'"H-NMR (CDCl,) &: 1.27-1.43 (3H, m), 1.60-1.67 (3H,
m), 1.69-1.81 (6H, m), 1.84-1.89 (2H, m), 2.65 (1H, tt),
3.29-3.46 (6H, m), 4.25 (2H, 1), 9.71 (1H, s).

In the same manner as in the method shown in Reference
Example 233, the following compound (Reference Example
242) was obtained.
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Reference Example 242

4-chloro-2-cyclohexyl-1-(4-methoxybutyl)-1H-imi-
dazole-5-carboxylic acid

(NN
O
— N

Cl OH

MS (ESI+, m/e) 315 (M+1)

In the same manner as in the method shown in Reference
Example 235, the following compound (Reference Example
243) was obtained.

Reference Example 243

tert-butyl (3S,5R)-3-[{[4-chloro-2-cyclohexyl-1-(4-

methoxybutyl)-1H-imidazol-5-y1]carbonyl} (2-meth-

ylpropyl)amino]-5-(morpholin-4-ylcarbonyl)piperi-
dine-1-carboxylate

\‘/\
| éWﬁ
h

(6] (6]

MS (ESI+, m/e) 667 (M+1)

In the same manner as in the method shown in Reference
Example 237, the following compound (Reference Example
244) was obtained.
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Reference Example 244
tert-butyl (3S,5R)-3-[{[2-cyclohexyl-1-(4-methoxy-
butyl)-1H-imidazol-5-yl]carbonyl}(2-methylpropyl)

amino]-5-(morpholin-4-ylcarbonyl)piperidine-1-
carboxylate

N—

N o~
OTN

MS (ESI+, m/e) 632 (M+1)
Reference Example 245

e
(6]
(3
s
(6]
methyl 2-diazo-7-methoxy-3-oxoheptanoate

0 0
\O/\/\)K’H‘\O/
Nz

To a solution (100 ml) of methyl 7-methoxy-3-oxohep-
tanoate (5.00 g) and 4-(acetylamino)benzenesulfonyl azide
(7.02 g) in acetonitrile was added triethylamine (11.1 ml) and
the mixture was stirred at room temperature for 2 days.
Insoluble material was filtered through celite, and the filtrate
was concentrated under reduced pressure. The residue was
suspended in diethyl ether and the insoluble material was
filtered off. The filtrate was concentrated under reduced pres-
sure to give the object product (6.93 g).

'"H-NMR (CDCl,) 8: 1.49-1.83 (4H, m), 2.88 (2H, 1), 3.32
(3H, s), 3.39 (2H, 1), 3.84 (3H, s).

Reference Example 246

methyl 5-(4-methoxybutyl)-2-0xo-1-phenyl-2,3-
dihydro-1H-imidazole-4-carboxylate

O,
S
O 0]

Methyl 2-diazo-7-methoxy-3-oxoheptanoate (6.93 g) and
1-phenylurea (5.41 g) were suspended in toluene (30 ml)-1,
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2-dichloroethane (30 ml), rhodium tetraacetate (230 mg) was
added and the mixture was stirred at 80° C. for 2 hr. After
cooling to room temperature, trifluoroacetic acid (7.5 ml) was
added and the reaction mixture was stirred at room tempera-
ture for 1 day. The reaction mixture was concentrated under
reduced pressure, and the residue was subjected to silica gel
column chromatography, and a fraction eluted with ethyl
acetate-hexane (15:85-100:0) was concentrated under
reduced pressure to give the object product (7.40 g).
MS (ESI+, m/e) 305 (M+1)

Reference Example 247

methyl 2-chloro-5-(4-methoxybutyl)-1-phenyl-1H-
imidazole-4-carboxylate

Methyl 5-(4-methoxybutyl)-2-oxo-1-phenyl-2,3-dihydro-
1H-imidazole-4-carboxylate (1.50 g) was dissolved in phos-
phorus oxychloride (18 ml) and the mixture was stirred at
100° C. for 10 hr. After cooling to room temperature, the
reaction mixture was concentrated under reduced pressure.
The residue was diluted with saturated aqueous sodium
hydrogen carbonate solution and the mixture was extracted
with ethyl acetate. The extract was washed with saturated
brine, and dried over anhydrous magnesium sulfate. The sol-
vent was evaporated under reduced pressure. The residue was
subjected to silica gel column chromatography, and a fraction
eluted with ethyl acetate-hexane (10:90-100:0) was concen-
trated under reduced pressure to give the object product (454
mg).

'"H-NMR (CDCl,) §: 1.37-1.53 (4H, m), 2.72-2.88 (2H,
m), 3.16-3.33 (5H, m), 3.92 (3H, s), 7.17-7.33 (2H, m), 7.51-
7.57 (3H, m).

Reference Example 248

2-chloro-5-(4-methoxybutyl)-1-phenyl-1H-imida-
zole-4-carboxylic acid

HO (6]

Methyl 2-chloro-5-(4-methoxybutyl)-1-phenyl-1H-imida-
zole-4-carboxylate (450 mg) was dissolved in methanol (5
ml), 1M aqueous sodium hydroxide solution (4.2 ml) was
added and the mixture was stirred at 80° C. for 2 hr. After
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cooling to room temperature, the reaction mixture was con-
centrated under reduced pressure. The residue was acidified
with 1M hydrochloric acid and extracted with ethyl acetate.
The extract was washed with saturated brine, and dried over
anhydrous magnesium sulfate. The solvent was evaporated
under reduced pressure to give the object product (372 mg).

MS (ESI+, m/e) 309 (M+1)

In the same manner as in the method shown in Reference
Example 235, the following compound (Reference Example
249) was obtained.

Reference Example 249

tert-butyl (3S,5R)-3-[{[2-chloro-5-(4-methoxybutyl)-

1-phenyl-1H-imidazol-4-yl]carbonyl}(2-methylpro-

pyDamino]-5-(morpholin-4-ylcarbonyl)piperidine-1-
carboxylate

YN o
o
YT@WN

MS (ESI+, m/e) 661 (M+1)

In the same manner as in the method shown in Reference
Example 237, the following compound (Reference Example
250) was obtained.

Reference Example 250

tert-butyl (3S,5R)-3-[{[5-(4-methoxybutyl)-1-phe-
nyl-1H-imidazol-4-yl]carbonyl } (2-methylpropyl)
amino]-5-(morpholin-4-ylcarbonyl)piperidine-1-
carboxylate

/B 0
N

\(\N o
o
ﬁr@W”

MS (ESI+, m/e) 626 (M+1)

In the same manner as in the method shown in Reference
Example 231, the following compound (Reference Example
251) was obtained.
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Reference Example 251

ethyl
1-(4-methoxybutyl)-1H-imidazole-2-carboxylate

N/=\N\/\/\O

'H-NMR (CDCl,) &: 1.43 (3H, 1), 1.59 (2H, dd), 1.89 (2H,
quin), 3.32 (3H, 5), 3.39 (2H, 1), 4.34-4.50 (4H, m), 7.12 (2H,
d).

MS (ESI+, m/e) 227 (M+1)

Reference Example 252

ethyl 4-bromo-1-(4-methoxybutyl)-1H-imidazole-2-
carboxylate

Ethyl 1-(4-methoxybutyl)-1H-imidazole-2-carboxylate
(2.18 g) was dissolved in acetonitrile (30 ml), N-bromosuc-
cinimide (1.71 g) was added and the mixture was stirred at 60°
C. for 14 hr. After cooling to room temperature, the reaction
mixture was concentrated under reduced pressure. The resi-
due was subjected to silica gel column chromatography, and
a fraction eluted with ethyl acetate-hexane (10:90-70:30) was
concentrated under reduced pressure to give the object prod-
uct (689 mg).

'H-NMR (CDCl,) 8: 1.42 (3H, 1), 1.60 (2H, dd), 1.89 (2H,
quin), 3.33 (3H, 5), 3.40 (2H, 1), 4.34-4.50 (4H, m), 7.08 (1H,
s).

MS (ESI+, m/e) 306 (M+1)
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Reference Example 253

tert-butyl (3S,5R)-3-[{[4-bromo-1-(4-methoxybu-

tyl)-1H-imidazol-2-y1]carbonyl}(2-methylpropyl)

amino]-5-(morpholin-4-ylcarbonyl)piperidine-1-
carboxylate

Ethyl 4-bromo-1-(4-methoxybutyl)-1H-imidazole-2-car-
boxylate (290 mg) and lithium hydroxide monohydrate (60
mg) were suspended in THF (2 ml), ethanol (2 ml) and water
(1 ml) and the mixture was stirred at room temperature for 2
hr. The reaction mixture was concentrated under reduced
pressure. The obtained residue and tert-butyl (3S,5R)-3-[(2-
methylpropyl)amino]-5-(morpholin-4-ylcarbonyl)piperi-
dine-1-carboxylate (355 mg) obtained in Reference Example
22 were suspended in 1,2-dichloroethane (3 ml), chloro-N,N,
N'.N'-tetramethylformamidinium hexafluorophosphate (405
mg) was added and the mixture was stirred at room tempera-
ture for 3 days. The reaction mixture was diluted with satu-
rated aqueous sodium hydrogen carbonate solution and the
mixture was extracted with ethyl acetate. The extract was
washed with saturated brine, and dried over anhydrous mag-
nesium sulfate. The solvent was evaporated under reduced
pressure. The residue was subjected to silica gel column
chromatography, and a fraction eluted with ethyl acetate-
hexane (10:90-100:0) was concentrated under reduced pres-
sure. The obtained residue was purified by reversed-phase
preparative HPL.C, and the object fraction was concentrated
under reduced pressure. The residue was basified with 3.5M
aqueous potassium carbonate solution, and the mixture was
extracted with ethyl acetate. The extract was washed with
saturated brine, and dried over anhydrous magnesium sulfate.
The solvent was evaporated under reduced pressure to give
the object product (117 mg).

MS (ESI+, m/e) 629 (M+1)
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Reference Example 254

methyl 2-methoxy-5-(4-methoxybutyl)-1-phenyl-1H-
imidazole-4-carboxylate

Methyl 5-(4-methoxybutyl)-2-oxo-1-phenyl-2,3-dihydro-
1H-imidazole-4-carboxylate (2.00 g) was dissolved in
dichloromethane (14 ml), trimethyloxonium tetrafluorobo-
rate (2.00 g) was added and the mixture was stirred at room
temperature for 16 hr. Saturated aqueous sodium hydrogen
carbonate solution was added to the reaction mixture, and the
mixture was extracted with ethyl acetate. The extract was
washed with saturated brine, and dried over anhydrous mag-
nesium sulfate. The solvent was evaporated under reduced
pressure. The residue was subjected to silica gel column
chromatography, and a fraction eluted with ethyl acetate-
hexane (10:90-100:0) was concentrated under reduced pres-
sure to give the object product (585 mg).

'H-NMR (CDCl,) §: 1.35-1.51 (4H, m), 2.72-2.81 (2H,
m), 3.14-3.30 (5H, m), 3.90 (3H, s), 4.02 (3H, s), 7.20-7.33
(3H, m), 7.42-7.55 (2H, m).

MS (ESI+, m/e) 319 (M+1)

Reference Example 255

methyl 2-ethoxy-5-(4-methoxybutyl)-1-phenyl-1H-
imidazole-4-carboxylate

Methyl 5-(4-methoxybutyl)-2-oxo-1-phenyl-2,3-dihydro-
1H-imidazole-4-carboxylate (740 mg) was dissolved in
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acetonitrile (8 ml), a 1M solution (6.1 ml) of trimethyloxo-
nium tetrafluoroborate in dichloromethane was added and the
reaction mixture was stirred at room temperature for 3 days.
Saturated aqueous sodium hydrogen carbonate solution was
added to the reaction mixture, and the mixture was extracted
with ethyl acetate. The extract was washed with saturated
brine, and dried over anhydrous magnesium sulfate. The sol-
vent was evaporated under reduced pressure. The residue was
subjected to silica gel column chromatography, and a fraction
eluted with ethyl acetate-hexane (10:90-80:20) was concen-
trated under reduced pressure to give the object product (79
mg).

MS (ESI+, m/e) 333 (M+1)

In the same manner as in the method shown in Reference

Example 248, the following compounds (Reference
Examples 256-257) were obtained.

Reference Example 256

2-methoxy-5-(4-methoxybutyl)-1-phenyl-1H-imida-
zole-4-carboxylic acid

HO (6]

MS (ESI+, m/e) 305 (M+1)

Reference Example 257

2-ethoxy-5-(4-methoxybutyl)-1-phenyl-1H-imida-
zole-4-carboxylic acid

HO 6]

MS (ESI+, m/e) 319 (M+1)

In the same manner as in the method shown in Reference
Example 235, the {following compounds (Reference
Examples 258-259) were obtained.
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Reference Example 258
tert-butyl (3S,5R)-3-[{[2-methoxy-5-(4-methoxybu-
tyl)-1-phenyl-1H-imidazol-4-yl]carbonyl} (2-methyl-

propyl)amino]-5-(morpholin-4-ylcarbonyl)piperi-
dine-1-carboxylate

\(\N o
(\o
YTN@WN

MS (ESI+, m/e) 656 (M+1)
Reference Example 259
tert-butyl (3S,5R)-3-[{[2-ethoxy-5-(4-methoxybu-
tyl)-1-phenyl-1H-imidazol-4-yl]carbonyl} (2-methyl-

propyl)amino]-5-(morpholin-4-ylcarbonyl)piperi-
dine-1-carboxylate

- £

7

\(\N o
(\o
ﬁréwv

MS (ESI+, m/e) 670 (M+1)

Reference Example 260
methyl
2-(hydroxyimino)-7-methoxy-3-oxoheptanoate
(€] (€]
\O | O/
Ho””

To an aqueous solution (20 ml) of sodium nitrite (2.20 g)
was added dropwise a solution of methyl 7-methoxy-3-oxo-
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heptanoate (5.00 g) obtained in Reference Example 359 in
acetic acid (5 ml) under ice-cooling, and the reaction mixture
was stirred at room temperature for 3 hr. The reaction mixture
was diluted with water, and the mixture was extracted with
ethyl acetate. The extract was washed with saturated brine,
and dried over anhydrous magnesium sulfate. The solvent
was evaporated under reduced pressure to give the object
product (5.91 g).

'"H-NMR (CDCl,) 8: 1.60-1.79 (4H, m), 2.82 (2H, 1), 3.38
(3H, s), 3.46 (2H, 1), 3.90 (3H, s).

Reference Example 261

methyl 2-(acetylamino)-7-methoxy-3-oxoheptanoate

(€] (€]
\O O/
\[( NH
(6]
Methyl  2-(hydroxyimino)-7-methoxy-3-oxoheptanoate

(5.70 g) and palladium-carbon (900 mg) were suspended in
acetic acid (60 ml)-acetic anhydride (25 ml) and the mixture
was stirred under a hydrogen atmosphere (1 atom) at room
temperature for 14 hr. The palladium catalyst was filtered off,
and the filtrate was concentrated under reduced pressure to
give the object product (5.48 g).

'"H-NMR (CDCI,) &: 1.54-1.62 (2H, m), 1.65-1.75 (2H,
m),2.07 (3H,s), 2.75 (2H, q), 3.26-3.43 (5H, m), 3.81 (3H, s),
5.26 (1H, d), 6.65 (1H, br s).

Reference Example 262

methyl 5-(4-methoxybutyl)-2-methyl-1-phenyl-1H-
imidazole-4-carboxylate

AN~
\O (6]
Methyl 2-(acetylamino)-7-methoxy-3-oxoheptanoate

(5.45 g), aniline (3.01 ml) and trifluoroacetic acid (2.48 ml)
were dissolved in butyronitrile (30 ml), and the reaction mix-
ture was heated under reflux for 2 hr. The reaction mixture
was cooled to room temperature and concentrated under
reduced pressure. 3.6M Aqueous potassium carbonate solu-
tion was added to the obtained residue and the mixture was
extracted with ethyl acetate. The extract was washed with
saturated brine, and dried over anhydrous magnesium sulfate.
The solvent was evaporated under reduced pressure. The
residue was subjected to silica gel column chromatography,
and a fraction eluted with ethyl acetate-hexane (10:90-100:0)
was concentrated under reduced pressure to give the object
product (3.88 g).

'"H-NMR (CDCl,) 8: 1.36-1.53 (4H, m), 1.71 (2H, td), 2.21
(3H, s), 2.76 (2H, 1), 3.13-3.30 (3H, m), 3.91 (3H, s), 7.16-
7.25 (2H, m), 7.47-7.61 (3H, m).

MS (ESI+, m/e) 303 (M+1)
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Reference Example 263

5-(4-methoxybutyl)-2-methyl-1-phenyl-1H-imida-
zole-4-carboxylic acid

'E o
AN~
HO (6]
Methyl 5-(4-methoxybutyl)-2-methyl-1-phenyl-1H-imi-

dazole-4-carboxylate (3.85 g) was dissolved in methanol (26
ml)-water (24 ml), lithium hydroxide monohydrate (800 mg)
was added and the mixture was heated under reflux for 2 hr.
After cooling to room temperature, the reaction mixture was
concentrated under reduced pressure. The residue was
adjusted to pH=7 with 1M hydrochloric acid, subjected to
DIAION HP-20 (manufactured by Mitsubishi Chemical),
washed with water and a fraction eluted with acetone was
concentrated under reduced pressure to give the object prod-
uct (1.08 g).

'H-NMR (DMSO-dy) 8: 1.28 (5H, br s), 2.07 (3H, 5), 2.50
(1H, brs),2.69 (2H, brs),3.08 (3H, 5), 7.41 (2H, d), 7.51-7.67
(3H, m).

MS (ESI+, m/e) 289 (M+1)

In the same manner as in the method shown in Reference
Example 235, the following compound (Reference Example
264) was obtained.

Reference Example 264

tert-butyl (3S,5R)-3-[{[5-(4-methoxybutyl)-2-me-
thyl-1-phenyl-1H-imidazol-4-yl]carbonyl}(2-methyl-
propyl)amino]-5-(morpholin-4-ylcarbonyl)piperi-
dine-1-carboxylate

/}N v

\(\N o
-
YT@WN

'H-NMR (CDCl,) &: 0.94 (6H, br s), 1.35-1.52 (4H, m),
1.45 (9H, d), 1.83 (3H, brs), 2.02-2.19 (4H, m), 2.62 (2H, d),
2.72-2.85 (3H, m), 3.11-3.27 (6H, m), 3.49 (2H, br 5), 3.58-
3.75 (20, m), 3.69 (SH, dd), 4.06-4.21 (2H, m), 7.17-7.33
(2H, m), 7.45-7.62 (3H, m).

MS (ESI+, m/e) 640 (M+1)
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Reference Example 265

5-[(benzyloxy)methyl]-1-phenyl-1H-1,2,3-triazole-
4-carboxylic acid

HO (6]

Methyl 4-(benzyloxy)-3-oxobutanoate (5.00 g) and azido-
benzene (2.68 g) were dissolved in methanol (30 ml), sodium
methanolate (28% methanol solution, 6.5 g) was added and
the mixture was stirred at room temperature for 2 hr, and then
heated under reflux for 18 hr. IM Aqueous sodium hydroxide
solution (10 ml) was added and the mixture was heated under
reflux for 2 hr. The reaction mixture was cooled to room
temperature and concentrated under reduced pressure. The
residue was dissolved in water and washed with ethyl acetate-
hexane (1:1, v/v). The obtained aqueous solution was acidi-
fied with 1M hydrochloric acid, and the mixture was
extracted with ethyl acetate. The extract was washed with
saturated brine, and dried over anhydrous magnesium sulfate.
The solvent was evaporated under reduced pressure to give
the object product (6.03 g).

'H-NMR (CDCl,) 8: 4.62 (2H, s), 4.88 (2H, s), 7.22-7.39
(5H, m), 7.47-7.62 (3H, m), 7.68 (2H, dd).

MS (ESI+, m/e) 310 (M+1)

Reference Example 266

1-tert-butyl 3-methyl (3R,58)-5-[({5-[(benzyloxy)
methyl]-1-phenyl-1H-1,2,3-triazol-4-y1}carbonyl)(2-
methylpropyl)amino|piperidine-1,3-dicarboxylate

20
Y\N o
Yrbﬁ\

5-[(Benzyloxy)methyl]-1-phenyl-1H-1,2.3-triazole-4-
carboxylic acid (6.00 g) was dissolved in THF (50 ml), thio-
nyl chloride (2.15 ml) and DMF (5 drops) were added and the
mixture was heated under reflux with stirring for 2 hr. The
reaction mixture was cooled to room temperature, concen-
trated under reduced pressure, and the residue was azeotroped



US 9,221,836 B2

315

with toluene. The obtained residue was suspended in THF (20
ml), and the suspension was added to a solution of 1-tert-butyl
3-methyl  (3R,5S)-5-(isobutylamino)piperidine-1,3-dicar-
boxylate (6.10 g) and diisopropylethylamine (10.0 pl) in THF
(30 ml) and the mixture was stirred at room temperature for
14 hr. The reaction mixture was concentrated under reduced
pressure, diluted with water, and extracted with ethyl acetate.
The extract was washed successively with 1M hydrochloric
acid and saturated brine, and dried over anhydrous magne-
sium sulfate. The solvent was evaporated under reduced pres-
sure. The residue was subjected to silica gel column chroma-
tography, and a fraction eluted with ethyl acetate-hexane
(5:95-70:30) was concentrated under reduced pressure to give
the object product (7.70 g).

'H-NMR (CDCl,) §: 0.77-1.06 (6H, m), 1.36-1.53 (9H,
m), 1.57 (2H, br s), 1.80-2.00 (1H, m), 2.14-2.33 (1H, m),
2.63 (2H, brs), 2.82 (1H, brs), 3.30 (1H, d), 3.56 (1H, brs),
3.71 (3H, s), 4.21-4.37 (2H, m), 4.54 (2H, s), 4.76 (2H, d),
7.17-7.22 (2H, m), 7.24-7.36 (3H, m), 7.46-7.57 (3H, m),
7.59-7.68 (2H, m).

MS (ESI+, m/e) 606 (M+1)

Reference Example 267

1-tert-butyl 3-methyl (3R,5S)-5-[{[5-(hydroxym-
ethyl)-1-phenyl-1H-1,2,3-triazol-4-yl|carbonyl}(2-
methylpropyl)amino|piperidine-1,3-dicarboxylate

N—N
N// OH
7

\(\N o
Yrbﬁ\

1-tert-Butyl 3-methyl (3R,5S)-5-[({5-[(benzyloxy)me-
thyl]-1-phenyl-1H-1,2,3-triazol-4-y1 } carbonyl)(2-methyl-
propyl)amino|piperidine-1,3-dicarboxylate (2.92 g) and pal-
ladium(II) hydroxide-carbon (500 mg) were suspended in
methanol, and the mixture was stirred under a hydrogen
atmosphere (5 atom) at room temperature for 10 hr. The
palladium catalyst was filtered off, and the filtrate was con-
centrated under reduced pressure to give the object product
(2.39 g) as a solid.

'H-NMR (CDCl,) 8: 0.96 (6H, dd), 1.46 (9H, d), 1.60-1.95
(1H, m), 2.19 (1H, dt), 2.60 (1H, d), 2.68-2.93 (2H, m), 3.28
(1H, br s), 3.54 (1H, br s), 3.72 (3H, s), 4.32 (2H, br 5), 4.65
(2H, d), 4.82-4.98 (2H, m), 7.57 (5H, s).

MS (ESI+, m/e) 516 (M+1)
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Reference Example 268

(3R,58)-1-(tert-butoxycarbonyl)-5-[{[5-(hydroxym-
ethyl)-1-phenyl-1H-1,2,3-triazol-4-yl|carbonyl }(2-
methylpropyl)amino|piperidine-3-carboxylic acid

N—N

N OH

7

\hN o
Yrbﬁ

1-tert-Butyl 3-methyl (3R,5S)-5-[{[5-(hydroxymethyl)-1-
phenyl-1H-1,2 3-triazol-4-yl]carbonyl }(2-methylpropyl)
amino]piperidine-1,3-dicarboxylate (2.25 g) was dissolved in
THF (10 ml)-methanol (10 ml)-water (8 ml), 8M aqueous
sodium hydroxide solution (1.5 ml) was added and the reac-
tion mixture was stirred at room temperature for 3 hr. The
reaction mixture was neutralized with saturated aqueous
ammonium chloride solution, acidified with 1M hydrochloric
acid and extracted with ethyl acetate. The extract was washed
with saturated brine, and dried over anhydrous magnesium
sulfate. The solvent was evaporated under reduced pressure to
give the object product (2.18 g).

MS (ESI+, m/e) 502 (M+1)

Reference Example 269

tert-butyl (3S,5R)-3-[{[5-(hydroxymethyl)-1-phenyl-
1H-1,2,3-triazol-4-yl]carbonyl } (2-methylpropyl)
amino]-5-(morpholin-4-ylcarbonyl)piperidine-1-
carboxylate

N OH

7

W/\N o
o
YT@WV

(3R, 55)-1-(tert-Butoxycarbonyl)-5-[ {[ 5-(hydroxym-
ethyl)-1-phenyl-1H-1,2,3-triazol-4-yl|carbonyl}(2-methyl-
propyl)amino|piperidine-3-carboxylic acid (2.18 g), mor-
pholine (0.46 ml), 1H-benzotriazol-1-0ol (330 mg) and
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triethylamine (1.5 ml) were dissolved in acetonitrile (20 ml),
WSC.HCI (1.25 g) was added and the mixture was stirred at
room temperature for 3 days. The reaction mixture was
poured into water, and the mixture was extracted with ethyl
acetate. The extract was washed successively with saturated
aqueous sodium hydrogen carbonate solution and saturated
brine, and dried over anhydrous magnesium sulfate. The sol-
vent was evaporated under reduced pressure. The residue was
subjected to silica gel column chromatography, and a fraction
eluted with ethyl acetate-hexane (10:90-100:0) was concen-
trated under reduced pressure to give the object product (2.35
g).

'H-NMR (CDCl,) 8: 0.92 (2H, d), 0.98 (4H, dd), 1.42 (6H,
s), 1.49 (3H, s), 2.04 (2H, 5), 2.56 (1H, brs), 2.87 (3H, br s),
3.26 (1H, dd), 3.45 (2H, dd), 3.60-3.76 (2H, m), 3.68 (4H, 1),
4.14-4.38 (2H, m), 4.52-4.80 (2H, m), 4.65 (1H, d), 4.90 (1H,
dd), 7.49-7.65 (SH, m).

MS (ESI+, m/e) 571 (M+1)

Reference Example 270

tert-butyl (3S,5R)-3-[({5-[(2-methoxyethoxy)me-

thyl]-1-phenyl-1H-1,2,3-triazol-4-yl } carbonyl)(2-

methylpropyl)amino]-5-(morpholin-4-ylcarbonyl)
piperidine-1-carboxylate

\(\N o
(\o
YT@WN

tert-Butyl (3S,5R)-3-[{[5-(hydroxymethyl)-1-phenyl-1H-
1,2,3-triazol-4-yl|carbonyl } (2-methylpropyl)amino]-5-
(morpholin-4-ylcarbonyl)piperidine-1-carboxylate (215 mg)
was dissolved in DMF (3 ml), sodium hydride (50% in oil, 30
mg) was added under ice-cooling. The reaction mixture was
stirred at room temperature for 30 min, 1-bromo-2-methoxy-
ethane (55 pl) was added under ice-cooling, and the mixture
was further stirred at room temperature for 14 hr. The reaction
mixture was diluted with saturated aqueous sodium hydrogen
carbonate solution, and extracted with ethyl acetate. The
extract was washed with saturated brine, and dried over anhy-
drous magnesium sulfate. The solvent was evaporated under
reduced pressure. The residue was subjected to silica gel
column chromatography, and a fraction eluted with ethyl
acetate-hexane (10:90-100:0) was concentrated under
reduced pressure to give the object product (149 mg).

MS (ESI+, m/e) 629 (M+1)
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Reference Example 271

tert-butyl (3S,5R)-3-[ (2-methylpropyl){[ 5-(phe-
noxymethyl)-1-phenyl-1H-1,2,3-triazol-4-yl]
carbonyl }amino]-5-(morpholin-4-ylcarbonyl)piperi-
dine-1-carboxylate

/ﬁ@
1 Té\fh

tert-Butyl (3S,5R)-3-[{[5-(hydroxymethyl)-1-phenyl-1H-
1,2,3-triazol- 4-y1]carb0nyl}(2-methylpr0pyl)am1n0] 5-
(morphohn-4 ylcarbonyl)piperidine-1-carboxylate (205
mg), phenol (70 mg) and triphenylphosphine (190 mg) were
dissolved in toluene (5 ml), diisopropyl azodicarboxylate
(40% toluene solution, 365 mg) was added, and the mixture
was stirred at room temperature for 12 hr. The reaction mix-
ture was poured into saturated brine, and the mixture was
extracted with ethyl acetate. The extract was washed with
saturated brine, and dried over anhydrous magnesium sulfate.
The solvent was evaporated under reduced pressure. The
residue was subjected to silica gel column chromatography,
and a fraction eluted with ethyl acetate-hexane (10:90-100:0)
was concentrated under reduced pressure to give the object
product (344 mg).

MS (ESI+, m/e) 647 (M+1)

In the same manner as in the method shown in Reference
Example 271, the {following compounds (Reference
Examples 272-273) were obtained.

Reference Example 272
tert-butyl (3S,5R)-3-[({5-[(3-methoxyphenoxy)me-
thyl]-1-phenyl-1H-1,2,3-triazol-4-yl }carbonyl)(2-

methylpropyl)amino|-5-(morpholin-4-ylcarbonyl)
piperidine-1-carboxylate

MS (ESI+, m/e) 677 (M+1)
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Reference Example 273

tert-butyl (3S,5R)-3-[({5-[(4-methoxyphenoxy)me-
thyl]-1-phenyl-1H-1,2,3-triazol-4-yl } carbonyl)(2-
methylpropyl)amino]-5-(morpholin-4-ylcarbonyl)
piperidine-1-carboxylate

N—N

N/fVO@/
WbTé\fh

MS (ESI+, m/e) 677 (M+1)

O,

Example 147

2-tert-butyl-4-hexyl-N-(2-methylpropyl)-N-[(3S,
5R)-5-(morpholin-4-ylcarbonyl)piperidin-3-yl|pyri-
midine-5-carboxamide dihydrochloride

tert-Butyl (3S,5R)-3-{[(2-tert-butyl-4-hexylpyrimidin-5-
yl)  carbonyl](2-methylpropyl)amino}-5-(morpholin-4-yl-
carbonyl)piperidine-1-carboxylate (88.4 mg) was dissolved
in 1M hydrogen chloride-ethyl acetate (3 ml), and the mixture
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was stirred at room temperature for 1.5 hr. The reaction mix-
ture was concentrated to give the object product (62.7 mg).

MS (ESI+, m/e) 516 (M+1)

In the same manner as in the method shown in the above-
mentioned Example 147, the compounds described in the
following Examples 148-159 were obtained.

Example 148

4-chloro-1-(4-methoxybutyl)-N-(2-methylpropyl)-N-

[(3S,5R)-5-(morpholin-4-ylcarbonyl)piperidin-3-yl]-

2-phenyl-1H-imidazole-5-carboxamide dihydrochlo-
ride

S~
e
0

MS (ESI+, m/e) 561 (M+1)

Example 149

1-(4-methoxybutyl)-N-(2-methylpropyl)-N-[(3S,5R)-
5-(morpholin-4-ylcarbonyl)piperidin-3-yl]-2-phenyl-
1H-imidazole-5-carboxamide dihydrochloride

2HCI

Yé\(v

MS (ESI+, m/e) 526 (M+1)

7
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Example 150

2-butyl-4-chloro-1-(4-methoxybutyl)-N-(2-methyl-

propyD)-N-[(3S,5R)-5-(morpholin-4-ylcarbonyl)pip-

eridin-3-yl]-1H-imidazole-5-carboxamide dihydro-
chloride

N:(\/\ O/
o /S/;N\/\/\
N o 2HCL

Y

HN N\)

(@]

MS (ESI+, m/e) 541 (M+1)

Example 151

2-butyl-1-(4-methoxybutyl)-N-(2-methylpropyl)-N-
[(3S,5R)-5-(morpholin-4-ylcarbonyl)piperidin-3-yl]-
1H-imidazole-5-carboxamide dihydrochloride

N:(\/\ O/
iN \/\/\
N 0] 2HCI

%GYQ

¢}

MS (ESI+, m/e) 506 (M+1)
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Example 152

4-chloro-2-cyclohexyl-1-(4-methoxybutyl)-N-(2-
methylpropyl)-N-[(3S,5R)-5-(morpholin-4-ylcarbo-
nyl)piperidin-3-yl]-1H-imidazole-5-carboxamide
dihydrochloride

N&O/

\ N

Cl

Y\N o

¢}

MS (ESI+, m/e) 567 (M+1)
Example 153

2-cyclohexyl-1-(4-methoxybutyl)-N-(2-methylpro-
pyD-N-[(3S,5R)-5-(morpholin-4-ylcarbonyl)piperi-
din-3-yl]-1H-imidazole-5-carboxamide dihydrochlo-
ride

S~
W/\N o 21Cl

¢}

MS (ESI+, m/e) 532 (M+1)
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Example 154

4-bromo-1-(4-methoxybutyl)-N-(2-methylpropyl)-N-
[(3S,5R)-5-(morpholin-4-ylcarbonyl)piperidin-3-yl]-
1H-imidazole-2-carboxamide dihydrochloride

MS (ESI+, m/e) 529 (M+1)

Example 155

2-chloro-5-(4-methoxybutyl)-N-(2-methylpropyl)-N-

[(3S,5R)-5-(morpholin-4-ylcarbonyl)piperidin-3-yl]-

1-phenyl-1H-imidazole-4-carboxamide dihydrochlo-
ride

MS (ESI+, m/e) 561 (M+1)

10

15

20

25

30

35

40

45

50

55

60

65

324
Example 156

5-(4-methoxybutyl)-N-(2-methylpropyl)-N-[(3S,5R)-
5-(morpholin-4-ylcarbonyl)piperidin-3-yl]-1-phenyl-
1H-imidazole-4-carboxamide dihydrochloride

MS (ESI+, m/e) 526 (M+1)

Example 157

N-(2-methylpropyl)-N-[(3S,5R)-5-(morpholin-4-
ylcarbonyl)piperidin-3-yl]-5-(phenoxymethyl)-1-
phenyl-1H-1,2,3-triazole-4-carboxamide hydrochlo-
ride

MS (ESI+, m/e) 547 (M+1)
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Example 158

5-[(2-methoxyethoxy)methyl]|-N-(2-methylpropyl)-
N-[(3S,5R)-5-(morpholin-4-ylcarbonyl)piperidin-3-
yl]-1-phenyl-1H-1,2,3-triazole-4-carboxamide
hydrochloride

N/I/\I R O \/\ O/
7
\r\ N (@] HCI
S
HN N\)
(@]

MS (ESI+, m/e) 529 (M+1)
Example 159

5-[(3-methoxyphenoxy)methyl]-N-(2-methylpropyl)-
N-[(3S,5R)-5-(morpholin-4-ylcarbonyl)piperidin-3-
yl]-1-phenyl-1H-1,2,3-triazole-4-carboxamide

hydrochloride
N—N
I\
/

MS (ESI+, m/e) 577 (M+1)
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Example 160

5-(4-methoxybutyl)-N-(2-methylpropyl)-N-[(3S,5R)-
5-(morpholin-4-ylcarbonyl)piperidin-3-yl]-2-oxo-1-
phenyl-2,3-dihydro-1H-imidazole-4-carboxamide
hydrochloride

g

¥ /
HNf\/\/\
\(\N o) HCl

¢}

tert-Butyl (3S,5R)-3-[{[2-methoxy-5-(4-methoxybutyl)-
1-phenyl-1H-imidazol-4-yl]carbonyl } (2-methylpropyl)
amino]-5-(morpholin-4-ylcarbonyl)piperidine- 1-carboxy-
late (94 mg) was dissolved in methanol (4 ml)-water (2 ml)-
6M hydrochloric acid (2 ml), and the mixture was stirred at
room temperature for 2 hr and then heated under reflux for 6
hr. The reaction mixture was concentrated under reduced
pressure, and the residue was basified with 8M aqueous
sodium hydroxide solution under ice-cooling and extracted
with ethyl acetate. The extract was washed with saturated
brine, and dried over anhydrous magnesium sulfate. The sol-
vent was evaporated under reduced pressure. The residue was
dissolved in 1M hydrogen chloride-ethyl acetate (3 ml), and
the mixture was stirred at room temperature for 10 min. The
reaction mixture was concentrated to give the object product
(28 mg).

MS (ESI+, m/e) 542 (M+1)

Example 161
2-methoxy-5-(4-methoxybutyl)-N-(2-methylpropyl)-

N-[(3S,5R)-5-(morpholin-4-ylcarbonyl)piperidin-3-
y1]-1-phenyl-1H-imidazole-4-carboxamide fumarate
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tert-Butyl (3S,5R)-3-[{[2-methoxy-5-(4-methoxybutyl)-
1-phenyl-1H-imidazol-4-yl]carbonyl } (2-methylpropyl)
amino |-5-(morpholin-4-ylcarbonyl)piperidine- 1 -carboxy-
late (110 mg) was dissolved in trifluoroacetic acid (25%
toluene solution, 4 ml), and the mixture was stirred at room
temperature for 4 hr. The reaction mixture was basified with
saturated aqueous potassium carbonate solution, and
extracted with ethyl acetate. The extract was washed with
saturated brine, and dried over anhydrous magnesium sulfate.
The solvent was evaporated under reduced pressure. The
residue was subjected to silica gel column chromatography,
and a fraction eluted with ethyl acetate-hexane-methanol (50:
50:0-100:0:0-85:0:15) was concentrated under reduced pres-
sure. The residue was dissolved in methanol (2 ml), fumaric
acid (15 mg) was added and the mixture was stirred at room
temperature for 1 hr. The reaction mixture was concentrated
under reduced pressure to give the object product (86 mg).

MS (ESI+, m/e) 556 (M+1)

In the same manner as in the method shown in the above-
mentioned Example 161, the compounds described in the
following Examples 162-163 were obtained.

Example 162

5-(4-methoxybutyl)-2-methyl-N-(2-methylpropyl)-
N-[(3S,5R)-5-(morpholin-4-ylcarbonyl)piperidin-3-
y1]-1-phenyl-1H-imidazole-4-carboxamide fumarate

N
Nﬁ\/\/\
HOZC\/\COZH
éY 0

MS (ESI+, m/e) 540 (M+1)
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Example 163

2-ethoxy-5-(4-methoxybutyl)-N-(2-methylpropyl)-
N-[(3S,5R)-5-(morpholin-4-ylcarbonyl)piperidin-3-
y1]-1-phenyl-1H-imidazole-4-carboxamide fumarate

\

GYQ

MS (ESI+, m/e) 570 (M+1)

In the same manner as in the method shown in Reference
Example 265, the {following compounds (Reference
Examples 274-275) were obtained.

Reference Example 274

5-[(benzyloxy)methyl]-1-(2-fluorophenyl)-1H-1,2,3-
triazole-4-carboxylic acid

HO (6]

HI-NMR (CDCL,) 8: 4.45 (2H, 5), 4.65-4.78 (2H, m), 7.06
(1H, dd), 7.25-7.39 (8H, m).

MS (ESI+, m/e) 328 (M+1)
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Reference Example 275

5-[(benzyloxy)methyl]-1-(2-methylphenyl)-1H-1,2,
3-triazole-4-carboxylic acid

w

10

HO 6]

'H-NMR (CDCl,) &: 2.05 (3H, s), 4.45 (2H, 5), 4.65-4.78 20

(2H, m), 7.06 (1H, dd), 7.25-7.39 (8H, m).
MS (ESI+, m/e) 324 (M+1)
In the same manner as in the method shown in Reference

Example 266, the {following compounds (Reference
Examples 276-277) were obtained.

25

30
Reference Example 276

1-tert-butyl 3-methyl (3R,58)-5-[({5-[(benzyloxy)
methyl]-1-(2-fluorophenyl)-1H-1,2,3-triazol-4-
yl}carbonyl)(2-methylpropyl)amino]piperidine-1,3-
dicarboxylate

Rege
\(\N o
+°T©f\

'H-NMR (CDCL,) §: 0.89 (3H, d), 0.97 (3H, d), 1.45 (6H,
d), 1.46 3L, s), 1.93-2.06 (3H, m), 2.16-2.32 (1H, m), 2.44-
2.93 (3H,m), 3.29 (1H, brs), 3.40-3.94 (2H, m), 3.70 (311, 5),
4.29-4.46 (3H, m), 4.82 (2H, d), 6.99 (2H, dd), 7.20-7.36 (5,
m), 7.43-7.59 (2H, m).

MS (ESI+, m/e) 624 (M+1)
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Reference Example 277

1-tert-butyl 3-methyl (3R,58)-5-[({5-[(benzyloxy)
methyl]-1-(2-methylphenyl)-1H-1,2,3-triazol-4-
yl}carbonyl)(2-methylpropyl)amino]piperidine-1,3-
dicarboxylate

Rege
\(\N o
ﬁréﬁ\

'"H-NMR (CDCI,) 8: 0.88 (4H, 1), 0.98 (2H, d), 1.44 (5H,
d), 1.48 (4H, s), 1.94-2.07 (4H, m), 2.16-2.32 (1H, m), 2.46-
2.62(1H,m),2.62-2.78 (2H, m), 2.83 (1H, brs), 3.29 (1H, d),
3.49-3.64 (2H, m), 3.70 (3H, s), 4.25 (1H, br s), 4.32-4.48
(3H, m), 4.57-4.73 (2H, m), 6.96-7.10 (1H, m), 7.03 (1H, d),
7.21-7.33 (6H, m), 7.43-7.50 (1H, m).

MS (ESI+, m/e) 620 (M+1)

In the same manner as in the method shown in Reference
Example 267, the {following compounds (Reference
Examples 278-279) were obtained.

Reference Example 278

1-tert-butyl 3-methyl (3R,58)-5-[{[1-(2-fluorophe-
nyl)-5-(hydroxymethyl)-1H-1,2,3-triazol-4-yl]|carbo-
nyl}(2-methylpropyl)aminoJpiperidine-1,3-dicar-
boxylate

N
/] OH

\hN o
ﬁr@Yf\

'H-NMR (CDCL,) §: 0.96 (6H, dd), 1.35-1.52 (9H, m),
1.67 (1H, d), 2.00-2.10 (1H, m), 2.60 (1, d), 2.75 (2H, br s),
3.28 (1H, brs), 3.57 (1H, br s), 3.61-3.77 (3H, m), 4.06-4.65
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(41, m), 4.45 (1H, d), 5.16 (1H, br s), 7.19-7.31 (1H, m),
7.34-7.44 (2H, m), 7.47 (14, d).
MS (ESI+, m/e) 534 (M+1)

Reference Example 279

1-tert-butyl 3-methyl (3R,5S)-5-[{[5-(hydroxym-

ethyl)-1-(2-methylphenyl)-1H-1,2,3-triazol-4-y1]

carbonyl}(2-methylpropyl)amino]piperidine-1,3-
dicarboxylate

N
// OH

\(\N o
W@Yﬁ

'H-NMR (CDCl;) 8: 0.96 (6H, dd), 1.35-1.52 (9H, m),
1.67 (1H, d), 2.02-2.15 (4H, m), 2.60 (1H, d), 2.75 (2H, br s),
3.28 (1H, brs), 3.57 (1H, brs), 3.61-3.77 (3H, m), 4.06-4.65
(4H, m), 4.45 (1H, d), 5.16 (1H, br s), 7.19-7.31 (1H, m),
7.34-7.44 2H, m), 7.47 (1H, d).

MS (ESI+, m/e) 530 (M+1)

In the same manner as in the method shown in Reference
Example 271, the {following compounds (Reference
Examples 280-281) were obtained.

Reference Example 280
1-tert-butyl 3-methyl (3R,58)-5-[{[ 1-(2-fluorophe-
nyl)-5-(phenoxymethyl)-1H-1,2,3-triazol-4-yl|carbo-

nyl}(2-methylpropyl)amino]piperidine-1,3-dicar-
boxylate

f@
%Té\f
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'H-NMR (CDCL,) &: 0.86-1.02 (6H, m), 1.37-1.54 (9H,
m), 2.14-235 (1H, m), 2.47-2.63 (1H, m), 2.67 (1, br s),
2.84 (1H, br s), 3.54 (11, 1), 3.71 (3H, s), 4.35 (11, br s),
4.91-5.07 (2H, m), 5.40 (2H, d), 6.36 (21, br s), 6.64 (21, d),
6.91 (1H, 1), 7.18 (2, 1), 7.23-7.33 (3H, m), 7.42-7.58 (2H,
m).

MS (BSI+, m/e) 610 (M+1)

Reference Example 281
1-tert-butyl 3-methyl (3R,5S)-5-[ {[1-(2-methylphe-
nyl)-5-(phenoxymethyl)-1H-1,2,3-triazol-4-yl|carbo-

nyl}(2-methylpropyl)aminoJpiperidine-1,3-dicar-
boxylate

f@
#Téw

MS (ESI+, m/e) 606 (M+1)
Reference Example 282
tert-butyl (3S,5R)-3-[{[ 1-(2-fluorophenyl)-5-(phe-
noxymethyl)-1H-1,2,3-triazol-4-yl]carbonyl} (2-me-

thylpropyl)amino]-5-(thydroxymethyl)piperidine-1-
carboxylate

OH
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Calcium(II) chloride (200 mg) was dissolved in ethanol (5
ml), sodium tetrahydroborate (140 mg) was added under ice-
cooling and the mixture was stirred at 0° C. for 30 min. A
solution (8 ml) of 1-tert-butyl 3-methyl (3R,5S)-5-[{[1-(2-
fluorophenyl)-5-(phenoxymethyl)-1H-1,2,3-triazol-4-yl]
carbonyl}(2-methylpropyl)amino]piperidine-1,3-dicarboxy-
late (760 mg) in ethanol was added to the reaction mixture
under ice-cooling, and the mixture was stirred at room tem-
perature for 13 hr. The reaction mixture was diluted with
saturated aqueous sodium hydrogen carbonate solution and
extracted with ethyl acetate. The extract was washed with
saturated brine, and dried over anhydrous magnesium sulfate.
The solvent was evaporated under reduced pressure. The
residue was subjected to silica gel column chromatography,
and a fraction eluted with ethyl acetate-hexane (5:95-75:25)
was concentrated under reduced pressure to give the object
product (447 mg).

'H-NMR (CDCl,) 8: 0.85-1.01 (6H, m), 1.45 (9H, d), 1.84
(1H, br s), 2.01 (1H, br s), 2.17 (1H, s), 2.44 (1H, br s),
2.72-3.38 (1H, m), 3.23-3.39 (1H, m), 3.57 (3H, br s), 3.89
(1H, br s), 4.16 (1H, s), 4.33 (1H, br s), 4.28-4.86 (1H, m),
5.39(2H, d), 6.64 (2H, d), 6.91 (1H, 1), 7.18 (2H, 1), 7.23-7.33
(2H, m), 7.42-7.58 (2H, m).

MS (ESI+, m/e) 582 (M+1)

In the same manner as in the method shown in Reference

Example 282, the {following compounds (Reference
Examples 283-285) were obtained.

Reference Example 283

tert-butyl (3S,5R)-3-[{[ 1-(2-fluorophenyl)-5-(4-
methoxybutyl)-1H-1,2,3-triazol-4-yl|carbonyl }(2-
methylpropyl)amino]-5-(hydroxymethyl)piperidine-
1-carboxylate

F
N—N /
/ ©
NA

MS (ESI+, m/e) 562 (M+1)
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Reference Example 284

tert-butyl (3S,5R)-3-[{[1-(2,3-difluorophenyl)-5-(4-
methoxybutyl)-1H-1,2,3-triazol-4-yl|carbonyl }(2-
methylpropyl)amino]-5-(thydroxymethyl)piperidine-
1-carboxylate

F
F
N—N /
J :
7

\~/O\H/N OH
(6]
MS (ESI+, m/e) 580 (M+1)
Reference Example 285

tert-butyl (3S,5R)-3-[{[1-(2,6-difluorophenyl)-5-(4-
methoxybutyl)-1H-1,2,3-triazol-4-yl|carbonyl }(2-
methylpropyl)amino]-5-(thydroxymethyl)piperidine-
1-carboxylate

F
N—N F /
J :
7

OH

Y

MS (ESI+, m/e) 580 (M+1)

In the same manner as in the method shown in Reference
Example 270, the following compound (Reference Example
286) was obtained.
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Reference Example 286

(3R,58)-1-(tert-butoxycarbonyl)-5-[ ({ 5-[ (2-meth-
oxyethoxy)methyl|-1-(2-methylphenyl)-1H-1,2,3-
triazol-4-yl }carbonyl)(2-methylpropyl)amino]piperi-
dine-3-carboxylic acid

\hN o
Yrbﬁ

MS (ESI+, m/e) 588 (M+1)
Reference Example 287

tert-butyl (3R,58)-3-(hydroxymethyl)-5-[ ({5-[ (2-
methoxyethoxy)methyl]-1-(2-methylphenyl)-1H-1,2,
3-triazol-4-yl}carbonyl)(2-methylpropyl)amino]pip-
eridine-1-carboxylate

Y
(6]
(3R,58)-1-(tert-Butoxycarbonyl)-5-[ ({5-[(2-methoxy-
ethoxy)methyl]-1-(2-methylphenyl)-1H-1,2,3-triazol-4-
yl}carbonyl)(2-methylpropyl)amino]piperidine-3-carboxy-
lic acid (900 mg) and 1-methylmorpholine (274 pl) were
dissolved in THF (5 ml), ethyl chlorocarbonate (230 ul) was
added under ice-cooling and the mixture was stirred at 0° C.
for 1 hr. Sodium tetrahydroborate (200 mg) and methanol (2
ml) were added to the reaction mixture, and the mixture was
further stirred at room temperature for 14 hr. The reaction
mixture was diluted with saturated aqueous sodium hydrogen

carbonate solution and extracted with ethyl acetate. The
extract was washed with saturated brine, and dried over anhy-
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drous magnesium sulfate. The solvent was evaporated under
reduced pressure. The residue was subjected to silica gel
column chromatography, and a fraction eluted with ethyl
acetate-hexane (10:90-90:10) was concentrated under
reduced pressure to give the object product (704 mg).

'H-NMR (CDCL,) 8: 0.88 (3H, d), 0.98 (3H, d), 1.40-1.53
(9H, m), 1.67 (1H, s), 1.83 (1H, br s), 1.96-2.13 (5H, m),
2.13-2.87 (20, m), 3.25 (3H, 5), 3.29-3.42 (211, m), 3.48 (21,
d),3.46 (20, brs), 3.57 (3H, brs), 4.26 (2H, br s), 4.62 (21,
d), 7.26-7.40 (3H, m), 7.42-7.49 (1H, m).

MS (ESI+, m/e) 560 (M+1)
Reference Example 288

tert-butyl (3R,58)-3-formyl-5-[({5-[(2-methoxy-
ethoxy)methyl]-1-(2-methylphenyl)-1H-1,2,3-tria-
zol-4-yl}carbonyl)(2-methylpropyl)amino]piperi-
dine-1-carboxylate

\(\N 0
\N/O\ﬂ/q/}[
(6] (6]

tert-Butyl  (3R,58)-3-(hydroxymethyl)-5-[({5-[(2-meth-
oxyethoxy)methyl]-1-(2-methylphenyl)-1H-1,2,3-triazol-4-
yl}carbonyl)(2-methylpropyl)amino]piperidine-1-carboxy-
late (534 mg) and triethylamine (1.1 ml) were dissolved in
DMSO, sulfur trioxide-pyridine complex (610 mg) was
added and the mixture was stirred at room temperature for 1
day. The reaction mixture was diluted with ethyl acetate and
washed with saturated brine. The organic layer was washed
successively with 1M hydrochloric acid and saturated brine,
and dried over anhydrous magnesium sulfate. The solvent
was evaporated under reduced pressure. The residue was
subjected to silica gel column chromatography, and a fraction
eluted with ethyl acetate-hexane (10:90-100:0) was concen-
trated under reduced pressure to give the object product (377
mg).

'H-NMR (CDCl;) §: 0.86-1.03 (6H, m), 1.37-1.53 (9H,
m), 1.62 2H, br s), 1.97-2.14 (4H, m), 2.35-2.93 (3H, m),
3.13-3.29 (4H, m), 3.34 (2H, d), 3.35 (1H, br s), 3.47 (2H, d),
3.75 (1H, br s), 4.24-4.50 (1H, m), 4.57-4.73 (3H, m), 7.27-
7.40 (3H, m), 7.42-7.49 (1H, m), 9.57-9.87 (1H, m).

MS (ESI+, m/e) 558 (M+1)

In the same manner as in the method shown in Reference

Example 288, the following compounds (Reference
Examples 289-291) were obtained.
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Reference Example 289

tert-butyl (3S,5R)-3-[{[ 1-(2-fluorophenyl)-5-(4-
methoxybutyl)-1H-1,2,3-triazol-4-yl|carbonyl }(2-
methylpropyl)amino]-5-formylpiperidine-1-carboxy-
late

MS (ESI+, m/e) 560 (M+1)

Reference Example 290

tert-butyl (3S,5R)-3-[{[1-(2,3-difluorophenyl)-5-(4-
methoxybutyl)-1H-1,2,3-triazol-4-yl|carbonyl }(2-
methylpropyl)amino]-5-formylpiperidine-1-carboxy-
late

e
%Oféf

MS (ESI+, m/e) 578 (M+1)
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Reference Example 291

tert-butyl (3S,5R)-3-[{[1-(2,6-difluorophenyl)-5-(4-
methoxybutyl)-1H-1,2,3-triazol-4-yl|carbonyl }(2-
methylpropyl)amino]-5-formylpiperidine-1-carboxy-
late

e
ﬁr@TH

MS (ESI+, m/e) 578 (M+1)

Reference Example 292

tert-butyl (3R,58)-3-(1-hydroxyethyl)-5-[({5-[(2-
methoxyethoxy)methyl]-1-(2-methylphenyl)-1H-1,2,
3-triazol-4-yl}carbonyl)(2-methylpropyl)amino]pip-
eridine-1-carboxylate

Y

(6]

tert-Butyl  (3R,5S)-3-formyl-5-[({5-[(2-methoxyethoxy)
methyl]-1-(2-methylphenyl)-1H-1,2,3-triazol-4-
yl}carbonyl)(2-methylpropyl)amino]piperidine-1-carboxy-
late (360 mg) was dissolved in THF (4 ml), a solution (1M,
1.95 ml) of methyl magnesium bromide in THE was added
under ice-cooling and the mixture was stirred for 3 hr. The
reaction mixture was poured into saturated aqueous ammo-
nium chloride solution, and the mixture was extracted with
ethyl acetate. The extract was washed with saturated brine,
and dried over anhydrous magnesium sulfate. The solvent
was evaporated under reduced pressure. The residue was
subjected to silica gel column chromatography, and a fraction
eluted with ethyl acetate-hexane (10:90-100:0) was concen-
trated under reduced pressure to give the object product (325
mg).
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'H-NMR (CDCl,) 8 0.90 (3H, brs), 0.99 (3H, d), 1.32 (1H,
d), 1.26 (3H, t), 1.37-1.54 (9H, m), 1.60-1.76 (3H, m), 1.97-
2.12(4H, m), 2.15-2.32 (1H, m), 2.35-3.04 (2H, m), 3.25 (3H,
s), 3.35 (2H, br s), 3.44-3.61 (3H, m), 3.68 (1H, br s), 4.31
(2H, br s), 4.54-4.70 (2H, m), 7.29-7.41 (3H, m), 7.42-7.49
(1H, m)

MS (ESI+, m/e) 574 (M+1)

In the same manner as in the method shown in Reference
Example 292, the {following compounds (Reference
Examples 293-299) were obtained.

Reference Example 293

tert-butyl (3S,5R)-3-[{[ 1-(2-fluorophenyl)-5-(4-
methoxybutyl)-1H-1,2,3-triazol-4-yl|carbonyl }(2-
methylpropyl)amino]-5-(1-hydroxypropyl)piperi-
dine-1-carboxylate

YA

MS (ESI+, m/e) 590 (M+1)

Reference Example 294

tert-butyl (3S,5R)-3-[{[ 1-(2-fluorophenyl)-5-(4-
methoxybutyl)-1H-1,2,3-triazol-4-yl|carbonyl }(2-
methylpropyl)amino]-5-(1-hydroxybutyl)piperidine-
1-carboxylate

Yy

MS (ESI+, m/e) 604 (M+1)
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Reference Example 295

tert-butyl (3S,5R)-3-[{[1-(2-fluorophenyl)-5-(4-
methoxybutyl)-1H-1,2,3-triazol-4-yl|carbonyl }(2-
methylpropyl)amino]-5-(1-hydroxy-2-methylpropyl)
piperidine-1-carboxylate

\’/O\H/N
0]
MS (ESI+, m/e) 604 (M+1)

Reference Example 296

tert-butyl (3R,5S)-3-[cyclopropyl(hydroxy)methyl]-

5-[{[1-(2-flucrophenyl)-5-(4-methoxybutyl)-1H-1,2,

3-triazol-4-yl]carbonyl}(2-methylpropyl)amino]pip-
eridine-1-carboxylate

Yy

MS (ESI+, m/e) 602 (M+1)
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Reference Example 297

tert-butyl (3S,5R)-3-[{[ 1-(2-fluorophenyl)-5-(4-
methoxybutyl)-1H-1,2,3-triazol-4-yl|carbonyl }(2-
methylpropyl)amino]-5-(1-hydroxypentyl)piperi-
dine-1-carboxylate

Yy

MS (ESI+, m/e) 618 (M+1)

Reference Example 298

tert-butyl (3S,5R)-3-[{[1-(2,3-difluorophenyl)-5-(4-
methoxybutyl)-1H-1,2,3-triazol-4-yl|carbonyl }(2-
methylpropyl)amino]-5-(1-hydroxyethyl)piperidine-
1-carboxylate
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Reference Example 299

tert-butyl (3S,5R)-3-[{[1-(2,6-difluorophenyl)-5-(4-
methoxybutyl)-1H-1,2,3-triazol-4-yl|carbonyl }(2-
methylpropyl)amino]-5-(1-hydroxyethyl)piperidine-
1-carboxylate

z,
|
z,
"y
N\

\f/o\n/N
[0)
MS (ESI+, m/e) 594 (M+1)

Reference Example 300

tert-butyl (3S,5R)-3-[{[1-(2-fluorophenyl)-5-(hy-

droxymethyl)-1H-1,2,3-triazol-4-yl]carbonyl} (2-

methylpropyl)amino|-5-(morpholin-4-ylcarbonyl)
piperidine-1-carboxylate

F 45 F
N—N
F N// OH
N—N / % 4
d °
7

Yy

55

60

\(\N o
N
YTI@TV

1-tert-Butyl 3-methyl (3R,58)-5-[{[1-(2-fluorophenyl)-5-
65 (hydroxymethyl)-1H-1,2,3-triazol-4-yl]carbonyl}(2-meth-
ylpropyl)amino]piperidine-1,3-dicarboxylate (1.05 g) was

MS (ESI+, m/e) 594 (M+1) dissolved in THF (10 ml)-methanol (8 ml)-water (8 ml), 8M



US 9,221,836 B2

343

aqueous sodium hydroxide solution (600 ul) was added and
the mixture was stirred at 70° C. for 1.5 hr. The reaction
mixture was cooled to room temperature and concentrated
under reduced pressure. The residue was diluted with water,
neutralized with saturated aqueous ammonium chloride solu-
tion and extracted with ethyl acetate. The extract was washed
with saturated brine, and dried over anhydrous magnesium
sulfate. The solvent was evaporated under reduced pressure.
The residue, morpholine, 1-hydroxybenzotriazole (150 mg)
and triethylamine (700 ul) were dissolved in acetonitrile (20
ml), WSC.HCL (555 mg) was added and the mixture was
stirred at room temperature for 8 hr. The reaction mixture was
concentrated under reduced pressure, diluted with ethyl
acetate and washed with water. The organic layer was washed
with saturated brine, and dried over anhydrous magnesium
sulfate. The solvent was evaporated under reduced pressure.
The residue was subjected to silica gel column chromatogra-
phy, and a fraction eluted with ethyl acetate-hexane (10:90-
100:0) was concentrated under reduced pressure to give the
object product (764 mg).

'H-NMR (CDCl,) 8 0.98 (5H, dd), 0.85-1.02 (1H, m), 1.42
(6H, s), 1.49 (3H, s), 2.16 (1H, d), 2.56 (1H, br s), 2.87 (2H,
brs), 3.25 (1H, dd), 3.47 (1H, dd), 3.53 (1H, br s), 3.59-3.76
(5H, m), 3.64 (3H, br s), 4.10-4.37 (3H, m), 4.45-4.62 (2H,
m), 5.14-5.30 (1H, m), 7.29-7.45 (2H, m), 7.49-7.65 (2H, m).

MS (ESI+, m/e) 589 (M+1)

In the same manner as in the method shown in Reference
Example 271, the following compound (Reference Example
301) was obtained.

Reference Example 301

tert-butyl (3S,5R)-3-[{[ 1-(2-fluorophenyl)-5-(phe-
noxymethyl)-1H-1,2,3-triazol-4-yl]carbonyl}(2-me-
thylpropyl)amino]-5-(morpholin-4-ylcarbonyl)pip-
eridine-1-carboxylate

N—N

/fVD
1 Té\rh

MS (ESI+, m/e) 665 (M+1)
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Reference Example 302

tert-butyl (3S,5R)-3-[{[5-(bromomethyl)-1-(2-fluo-
rophenyl)-1H-1,2 3-triazol-4-yl]carbonyl} (2-methyl-
propyl)amino|-5-(morpholin-4-ylcarbonyl)piperi-
dine-1-carboxylate

N
! Br

\(\N o
o
ﬁr@fv

To a solution (4 ml) of tert-butyl (3S,5R)-3-[{[1-(2-fluo-
rophenyl)-5-(hydroxymethyl)-1H-1,2,3-triazol-4-yl]carbo-
nyl}(2-methylpropyl)amino]-5-(morpholin-4-ylcarbonyl)pi-
peridine-1-carboxylate (410 mg) and triphenylphosphine
(275 mg) in dichloromethane was added under ice-cooling
carbon tetrabromide (350 mg), and the mixture was stirred at
room temperature for 1 hr. The reaction mixture was concen-
trated under reduced pressure, and the residue was subjected
to silica gel column chromatography, and a fraction eluted
with ethyl acetate-hexane (10:90-100:0) was concentrated
under reduced pressure to give the object product (442 mg).

MS (ESI+, m/e) 652 (M+1)

Reference Example 303

tert-butyl (3S,5R)-3-[({5-[(diethoxyphosphoryl)me-
thyl]-1-(2-fluorophenyl)-1H-1,2,3-triazol-4-
yl}carbonyl)(2-methylpropyl)amino]-5-(morpholin-
4-ylcarbonyl)piperidine-1-carboxylate
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tert-Butyl (3S,5R)-3-[{[5-(bromomethyl)-1-(2-fluorophe-
nyl)-1H-1,2,3-triazol-4-yl]carbonyl} (2-methylpropyl)
amino |-5-(morpholin-4-ylcarbonyl)piperidine- 1 -carboxy-
late (440 mg) was dissolved in DMF (4 ml), triethyl
phosphate (295 ul) was added and the mixture was stirred at
110° C. for 12 hr. After cooling to room temperature, the
reaction mixture was diluted with ethyl acetate and washed
with saturated brine. The organic layer was dried over anhy-
drous magnesium sulfate, and the solvent was evaporated
under reduced pressure to give the object product (473 mg).

MS (ESI+, m/e) 709 (M+1)

Reference Example 304

tert-butyl (3S,5R)-3-[({1-(2-fluorophenyl)-5-[(E)-2-
(1,3-thiazol-2-yl)ethenyl]-1H-1,2,3-triazol-4-
yl}carbonyl)(2-methylpropyl)amino]-5-(morpholin-
4-ylcarbonyl)piperidine-1-carboxylate

F

R N
74

e

\(\N o
(\o
YTQWN

tert-Butyl (3S,5R)-3-[({5-[(diethoxyphosphoryl)methyl]- s

1-(2-fluorophenyl)-1H-1,2,3-triazol-4-yl}carbonyl)(2-meth-
ylpropyl)amino]-5-(morpholin-4-ylcarbonyl)piperidine-1-
carboxylate (470 mg) and 1,3-thiazole-2-carbaldehyde (90
mg) were dissolved in THF (4 ml), sodium hydride (50% in
oil, 50 mg) was added under ice-cooling and the mixture was
stirred at room temperature for 12 hr. The reaction mixture
was diluted with saturated aqueous sodium hydrogen carbon-
ate solution and extracted with ethyl acetate. The extract was
washed with saturated brine, and dried over anhydrous mag-
nesium sulfate. The solvent was evaporated under reduced
pressure. The residue was subjected to silica gel column
chromatography, and a fraction eluted with ethyl acetate-
hexane (10:90-100:0) was concentrated under reduced pres-
sure to give the object product (327 mg).

MS (ESI+, m/e) 668 (M+1)
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Reference Example 305

tert-butyl (3S,5R)-3-[({ 1-(2-fluorophenyl)-5-[2-(1,3-
thiazol-2-yl)ethyl]-1H-1,2,3-triazol-4-yl}carbonyl)
(2-methylpropyl)amino]-5-(morpholin-4-ylcarbonyl)
piperidine-1-carboxylate

F
N—N
Ty
7 ./

\(\N o
o
ﬁr@fv

tert-Butyl (3S,5R)-3-[({1-(2-fluorophenyl)-5-[(E)-2-(1,3-
thiazol-2-yl)ethenyl]-1H-1,2,3-triazol-4-yl}carbonyl)(2-me-
thylpropyl)amino]-5-(morpholin-4-ylcarbonyl)piperidine-1-
carboxylate (200 mg) and 5% palladium-carbon (20 mg)
were suspended in methanol (4 ml), and the mixture was
stirred at room temperature under a hydrogen atmosphere (1
atom) for 3 days. Insoluble material was filtered off, and the
filtrate was concentrated under reduced pressure to give the
object product (200 mg).

MS (ESI+, m/e) 670 (M+1)

Reference Example 306

tert-butyl (3S,5R)-3-[{[1-(2-fluorophenyl)-5-(4-
methoxybutyl)-1H-1,2,3-triazol-4-yl|carbonyl }(2-
methylpropyl)amino]-5-(oxirane-2-yl)piperidine-1-
carboxylate

\~/0\H/N
(6]
Trimethylsulfoxonium iodide (390 mg) was dissolved in

DMSO (5 ml), sodium hydride (50% in oil, 85 mg) was
added, and the mixture was stirred at room temperature for 1
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hr. A solution (10 ml) of tert-butyl (3S,5R)-3-[{[1-(2-fluo-
rophenyl)-5-(4-methoxybutyl)-1H-1,2,3-triazol-4-yl|carbo-
nyl}(2-methylpropyl)amino]-5-formylpiperidine-1-car-
boxylate (656 mg) in DMSO was added to the reaction
mixture, and the mixture was further stirred at room tempera-
ture for 1 hr. The reaction mixture was diluted with saturated
aqueous sodium hydrogen carbonate solution and extracted
with ethyl acetate. The extract was washed with saturated
brine, and dried over anhydrous magnesium sulfate. The sol-
vent was evaporated under reduced pressure. The residue was
subjected to silica gel column chromatography, and a fraction
eluted with ethyl acetate-hexane (10:90-100:0) was concen-
trated under reduced pressure to give the object product (372
mg).

MS (ESI+, m/e) 574 (M+1)

Reference Example 307

tert-butyl (3S,5R)-3-[{[ 1-(2-fluorophenyl)-5-(4-
methoxybutyl)-1H-1,2,3-triazol-4-yl|carbonyl }(2-
methylpropyl)amino]-5-(1-hydroxy-2-methoxyethyl)
piperidine-1-carboxylate

D

(6]

tert-Butyl  (3S,5R)-3-[{[1-(2-fluorophenyl)-5-(4-meth-
oxybutyl)-1H-1,2,3-triazol-4-yl]carbonyl } (2-methylpropyl)
amino|-5-(oxirane-2-yl)piperidine-1-carboxylate (190 mg)
was dissolved in methanol (5 ml), sodium methoxide (28%
methanol solution, 320 mg) was added and the mixture was
stirred at 70° C. for 8 hr. The reaction mixture was cooled to
room temperature, diluted with water and extracted with ethyl
acetate. The extract was washed with saturated brine, and
dried over anhydrous magnesium sulfate. The solvent was
evaporated under reduced pressure. The residue was sub-
jected to silica gel column chromatography, and a fraction
eluted with ethyl acetate-hexane (10:90-100:0) was concen-
trated under reduced pressure to give the object product (167
mg).

MS (ESI+, m/e) 606 (M+1)

In the same manner as in the method shown in Reference
Example 307, the following compound (Reference Example
308) was obtained.
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Reference Example 308

tert-butyl (3R,58)-3-(2-ethoxy-1-hydroxyethyl)-5-[{
[1-(2-fluorophenyl)-5-(4-methoxybutyl)-1H-1,2,3-
triazol-4-yl]carbonyl}(2-methylpropyl)amino]piperi-
dine-1-carboxylate

F
N—N /
/ ©

N

\’/O\H/N
0]
MS (ESI+, m/e) 620 (M+1)

Reference Example 309

tert-butyl (3S,5R)-3-[{[1-(2-fluorophenyl)-5-(4-
methoxybutyl)-1H-1,2,3-triazol-4-yl|carbonyl }(2-
methylpropyl)amino]-5-(methoxymethyl)piperidine-
1-carboxylate

F
N—N /
J :
7

\kT o

tert-Butyl  (3S,5R)-3-[{[1-(2-fluorophenyl)-5-(4-meth-
oxybutyl)-1H-1,2,3-triazol-4-yl]carbonyl } (2-methylpropyl)
amino]-5-(hydroxymethyl)piperidine-1-carboxylate ~ (165
mg) and triethylamine (215 pl) were dissolved in THF (4 ml),
and methanesulfonyl chloride (60 pl) was added under ice-
cooling. The mixture was stirred at 0° C. for 2 hr, and sodium
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methoxide (28% methanol solution, 600 mg) and methanol (2
ml) were added, and the mixture was further stirred at 75° C.
for 3 hr. The mixture was cooled to room temperature and
diluted with water and the mixture was extracted with ethyl
acetate. The extract was washed with saturated brine, and
dried over anhydrous magnesium sulfate. The solvent was
evaporated under reduced pressure. The residue was sub-
jected to silica gel column chromatography, and a fraction
eluted with ethyl acetate-hexane (5:95-80:20) was concen-
trated under reduced pressure to give the object product (142
mg).
MS (ESI+, m/e) 576 (M+1)

Reference Example 310

tert-butyl (3R,58)-3-(difluoromethyl)-5-[{[ 1-(2-fluo-
rophenyl)-5-(4-methoxybutyl)-1H-1,2,3-triazol-4-yl]
carbonyl}(2-methylpropyl)amino]piperidine-1-car-

boxylate

F

N—N /
/ ©

i

e
W@T

tert-Butyl  (3S,5R)-3-[{[1-(2-fluorophenyl)-5-(4-meth-
oxybutyl)-1H-1,2,3-triazol-4-yl]carbonyl } (2-methylpropyl)
amino|-5-formylpiperidine-1-carboxylate (200 mg) was dis-
solved in toluene (4 ml), and diethylaminosulfur trifluoride
(240 pl) was added under ice-cooling. The mixture was stirred
at room temperature for 3 days and diluted with saturated
aqueous ammonium chloride solution and the mixture was
extracted with ethyl acetate. The extract was washed with
saturated brine, and dried over anhydrous magnesium sulfate.
The solvent was evaporated under reduced pressure. The
residue was subjected to silica gel column chromatography,
and a fraction eluted with ethyl acetate-hexane (5:95-80:20)
was concentrated under reduced pressure to give the object
product (45 mg).

MS (ESI+, m/e) 582 (M+1)

In the same manner as in the method shown in Reference
Example 271, the following compound (Reference Example
311) was obtained.
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Reference Example 311

tert-butyl (3S,5R)-3-[({5-[(4-fluorophenoxy)me-

thyl]-1-phenyl-1H-1,2,3-triazol-4-yl }carbonyl)(2-

methylpropyl)amino|-5-(morpholin-4-ylcarbonyl)
piperidine-1-carboxylate

1 Té\rh

MS (ESI+, m/e) 665 (M+1)

In the same manner as in the method shown in Reference
Example 265, the {following compounds (Reference
Examples 312-318) were obtained.

Reference Example 312

1-(2-fluorophenyl)-5-methyl-1H-1,2,3-triazole-4-
carboxylic acid

F
N—N
i
NG
HO 0

'H-NMR (CDCl,) 8 3.13 (3H, 5), 7.29-7.43 (2H, m), 7.43-
7.55 (1H, m), 7.56-7.70 (1H, m).
MS (ESI+, m/e) 222 (M+1)
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Reference Example 313 Reference Example 316

5-butyl-1-(2-fluorophenyl)-1H-1,2,3-triazole-4-car-

5-ethyl-1-(2-fluorophenyl)-1H-1,2,3-triazole-4-car- boxylic acid

boxylic acid

10

0

2
|
2

Zy

\

15
HO (6]

'H-NMR (CDCl,) & 1.10 (3H, ), 1.23-1.90 (4H, m), 2.89-
"H-NMR (CDCl,) 8 1.16 (3H, 1), 2.96 (2H, q), 7.29-7.43 3,00 (2H, m), 7.29-7.43 (2H, m), 7.43-7.55 (1H, m), 7.56-

(2H, m), 7.43-7.55 (1H, m), 7.56-7.70 (1H, m). 200770 (1H, m).
MS (ESI+, m/e) 236 (M+1) MS (ESI+, m/e) 264 (M+1)
Reference Example 317
Reference Example 314

25 1-(2-fluorophenyl)-5-[(methylsulfanyl)methyl]-1H-
1-(2-fluorophenyl)-5-propyl-1H-1,2,3-triazole-4- 1,2,3-triazole-4-carboxylic acid
carboxylic acid

30 F
F
/N—N
/ S\
N—N
N
// 35 /
N, /
HO O
HO O

'H-NMR (CDCl,)  2.01 (3H, s), 4.06 (2H, s), 7.28-7.45
(2H, m), 7.52-7.68 (2H, m).

'H-NMR (CDCL,) § 0.84 (3H, 1), 1.44-1.67 (2H, m), 2.84-
(€DCL) (3H. 1, (2H, m), MS (ESI+, m/e) 268 (M+1)

3.09 (2H, m), 7.29-7.54 (3H, m), 7.56-7.70 (1H, m).

MS (ESI+, m/e) 250 (M+1) Reference Example 318
45

Reference Example 315 1-(2-fluorophenyl)-5-(3,3,3-trifluoropropyl)-1H-1,2,
3-triazole-4-carboxylic acid

1-(2-fluorophenyl)-5-(1-methylethyl)-1H-1,2,3-triaz-

ole-4-carboxylic acid 50
F.
F
55 N—N F
N//
F
N—N 7 ¥
N//
/ 60 HO (@]
HO 0O 'H-NMR (CDCl,) & 2.50 (2H, dt), 3.11-3.21 (2H, m),

7.32-7.47 (2H, m), 7.47-7.58 (1H, m), 7.59-7.74 (1H, m).
. MS (ESI+, m/e) 304 (M+1)
H-NMR (CDCl;) 3 1.11-1.49 (6H, m), 3.14-3.39 (1H, m), &5 Ip the same manner as in the method shown in Reference
7.27-7.54 (3H, m), 7.54-7.71 (1H, m). Example 235, the {following compounds (Reference
MS (ESI+, m/e) 250 (M+1) Examples 319-323) were obtained.
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Reference Example 319

tert-butyl (3S,5R)-3-[{[1-(2-fluorophenyl)-5-methyl-
1H-1,2,3-triazol-4-yl]carbonyl} (2-methylpropyl)
amino]-5-(morpholin-4-ylcarbonyl)piperidine-1-
carboxylate

\(\N o
(\o
*)T@Tv

MS (ESI+, m/e) 573 (M+1)

Reference Example 320

tert-butyl (3S,5R)-3-[{[5-ethyl-1-(2-fluorophenyl)-
1H-1,2,3-triazol-4-yl]carbonyl} (2-methylpropyl)
amino]-5-(morpholin-4-ylcarbonyl)piperidine-1-
carboxylate

\(\N o
r\o
%OT@WV

'H-NMR (CDCl,) § 0.85 (2H, br s), 0.98 (4H, dd), 1.03-
1.18 (30, m), 1.41 (6L, 5), 1.48 (3H, brs), 1.85-2.25 (2H, m),
2.46 (1H, br s), 2.65-2.89 (6H, m), 2.96 (1H, br s), 3.23 (1ML,
brs), 3.40 (1, brs), 3.68 (6I1, brs), 4.06-4.34 (2H, m), 4.66
(1H, br s), 7.28-7.51 (3H, m), 7.60 (1H, d).

MS (ESI+, m/e) 587 (M+1)

354
Reference Example 321

tert-butyl (3S,5R)-3-[{[1-(2-flucrophenyl)-5-propyl-
1H-1,2,3-triazol-4-yl]carbonyl } (2-methylpropyl)
amino]-5-(morpholin-4-ylcarbonyl)piperidine-1-
carboxylate

10

; W/\N o
K\o
\\/O\ﬂ/}i)wo/l“\)

'"H-NMR (CDCls) & 0.69-0.92 (5H, m), 0.97 (4H, dd),
1.32-1.55 (11H, m), 1.79-2.11 (2H, m), 2.18 (1H, brs), 2.44
(1H, br s), 2.64-3.03 (5H, m), 3.23 (1H, br s), 3.39 (1H, d),
3.68 (8H, brs), 4.06-4.31 (1H, m), 4.63 (1H, br ), 7.28-7.51
(3H, m), 7.61 (1H, brs).

MS (ESI+, m/e) 601 (M+1)

25

35 Reference Example 322

tert-butyl (3S,5R)-3-[{[1-(2-fluorophenyl)-5-(1-me-
thylethyl)-1H-1,2,3-triazol-4-yl]carbonyl} (2-methyl-
propyl)amino|-5-(morpholin-4-ylcarbonyl)piperi-

0 dine-1-carboxylate

45 F

\(\N o
-
YT@WV

'[I-NMR (CDCl,) & 0.72-0.93 (2H, m), 0.99 (4H, dd),
1.16-1.35 (6H, m), 1.35-1.56 (9H, m), 1.93-2.13 (2H, m),
2.23 (1H, d), 2.45 (1M, br s), 2.61-2.95 (6H, m), 2.95-3.22

¢s (1H,m), 334 (2H, brs), 3.51-3.87 (6H, m), 4.12 (1H, br s),
7.28-7.51 (3H, m), 7.54-7.67 (1H, m).
MS (BSI+, m/e) 601 (M+1)

60
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Reference Example 323

tert-butyl (3S,5R)-3-[{[5-butyl-1-(2-fluorophenyl)-
1H-1,2,3-triazol-4-yl]carbonyl} (2-methylpropyl)
amino]-5-(morpholin-4-ylcarbonyl)piperidine-1-
carboxylate

MS (ESI+, m/e) 615 (M+1)

Reference Example 324

1-tert-butyl 3-methyl (3R,58)-5-[({ 1-(2-fluorophe-

nyl)-5-[(methylsulfanyl)methyl]-1H-1,2,3-triazol-4-

yl}carbonyl)(2-methylpropyl)amino]piperidine-1,3-
dicarboxylate

\(\N o
Yrbﬁ\

1-(2-Fluorophenyl)-5-[ (methylsulfanyl)methyl]-1H-1,2,
3-triazole-4-carboxylic acid (960 mg), 1-tert-butyl 3-methyl
(3R,58)-5-(isobutylamino)piperidine-1,3-dicarboxylate
(1.15 g) and N,N-diisopropylethylamine (1.6 ul) were dis-
solved in 1,2-dichloroethane (10 ml), chloro-N,N,N'.N'-tet-
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ramethylformamidinium hexafluorophosphate (1.50 g) was
added and the mixture was stirred at room temperature for 3
days. The reaction mixture was diluted with saturated aque-
ous sodium hydrogen carbonate solution and the mixture was
extracted with ethyl acetate. The extract was washed with
saturated brine, and dried over anhydrous magnesium sulfate.
The solvent was evaporated under reduced pressure. The
residue was subjected to silica gel column chromatography,
and a fraction eluted with ethyl acetate-hexane (10:90-100:0)
was concentrated under reduced pressure to give the object
product (1.60 g).

'H-NMR (CDCl,) § 0.95 (6H, dd), 1.36-1.53 (9H, m),
1.90-2.05 (5H, m), 2.14-2.31 (1H, m), 2.40-2.95 (3H, m),
3.30(1H, d), 3.46-3.62 (1H, m), 3.71 (3H, s), 3.88-4.02 (2H,
m), 4.17-4.82 (2H, m), 4.30 (1H, br s), 7.25-7.41 (2H, m),
7.48-7.65 (2H, m).

MS (ESI+, m/e) 564 (M+1)

In the same manner as in the method shown in Reference

Example 324, the following compound (Reference Example
325) was obtained.

Reference Example 325

1-tert-butyl 3-methyl (3R,58)-5-[{[1-(2-fluorophe-
nyl)-5-(3,3,3-trifluoropropyl)-1H-1,2,3-triazol-4-yl|
carbonyl}(2-methylpropyl)amino]piperidine-1,3-
dicarboxylate

\hN o
Yréﬁ\

'H-NMR (CDCl,) 8 0.85-1.02 (6H, m), 1.46 (7, d), 1.46
(2H, brs), 1.78-2.02 (1H, m), 2.09-2.76 (SH, m), 2.85 (111, ),
2.97-3.11 (2H, m), 3.21-3.37 (1H, m), 3.39-3.66 (1H, m),
3.71 (3H, ), 3.76-4.02 (11, m), 4.16-4.94 (2F1, m), 4.25 (11,
brs), 7.39 (2H, 1), 7.47 (1H, 1), 7.62 (1H, ddd).

MS (ESI+, m/e) 600 (M+1)

In the same manner as in the method shown in Reference
Example 300, the {following compounds (Reference
Examples 326-327) were obtained.
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Reference Example 326

tert-butyl (3S,5R)-3-[({ 1-(2-fluorophenyl)-5-[(meth-

ylsulfanyl)methyl]-1H-1,2,3-triazol-4-yl }carbonyl)

(2-methylpropyl)amino]-5-(morpholin-4-ylcarbonyl)
piperidine-1-carboxylate

YN o
-
YT@WV

'H-NMR (CDCl,) & 0.85-1.01 (6H, m), 1.48 (1H, br s),
142 (8H, s), 1.99 (3H, s), 2.16 (1H, d), 2.47 (1H, br s),
2.78-2.94 (3H, m), 3.18-3.32 (1M, m), 3.32-3.44 (1H, m),
3.59-3.75 (9H, m), 3.93 (2H, d), 3.87 (1, br s), 4.19-4.32
(1H, m), 4.71 (1H, br s), 7.37 (2H, 1), 7.56 (2H, ddd).

MS (ESI+, m/e) 619 (M+1)

Reference Example 327

tert-butyl (3S,5R)-3-[{[1-(2-fluorophenyl)-5-(3,3,3-
trifluoropropyl)-1H-1,2,3-triazol-4-yl]carbonyl}(2-
methylpropyl)amino]-5-(morpholin-4-ylcarbonyl)
piperidine-1-carboxylate

F
N—N F
K ;
7 F

\(\N o
N
YTQYN

'H-NMR (CDCL,) § 0.87 (2H, d), 0.97 (4H, d), 1.37-1.53
(9H, m), 2.03-2.19 (2H, m), 2.36 (11, br s), 2.45 (21, br 5),
2.82 (3H. brs), 3.06 (1, d), 3.03 (1H, brs), 3.19-3.35 (1ML,
m), 3.43 (11, dd), 3.59-3.76 (5H, m), 3.64 (3H, br s), 3.90-
4.20 (2H, m), 4.74 (1H, br s), 7.33-7.50 (3H, m), 7.55-7.72
(1H, m).

MS (ESI+, m/e) 655 (M+1)
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Reference Example 328

ethyl
1-(2-fluorophenyl)-1H-1,2,3-triazole-4-carboxylate

1-Azido-2-fluorobenzene (1.0 g) and ethyl propiolate (2.2
g) were dissolved in toluene (12 ml) and the mixture was
stirred at 100° C. for 13 hr. After cooling to room temperature,
the reaction mixture was concentrated under reduced pres-
sure. The residue was subjected to silica gel column chroma-
tography, and a fraction eluted with ethyl acetate-hexane
(10:90-80:20) was concentrated under reduced pressure to
give the object product (111 mg).

MS (ESI+, m/e) 235 (M+1)

Reference Example 329

1-(2-fluorophenyl)-1H-1,2 3-triazole-4-carboxylic
acid

HO (6]

Ethyl 1-(2-fluorophenyl)-1H-1,2,3-triazole-4-carboxylate
(110 mg) was dissolved in ethanol (3 ml)-water (2 ml)-1M
aqueous sodium hydroxide solution (1 ml) and the mixture
was stirred at 60° C. for 12 hr. After cooling to room tempera-
ture, the reaction mixture was concentrated under reduced
pressure. The residue was diluted with water, neutralized (pH:
2) with 1M hydrochloric acid, and the mixture was extracted
with ethyl acetate. The extract was washed with saturated
brine, and dried over anhydrous magnesium sulfate. The sol-
vent was evaporated under reduced pressure to give the object
product (92 mg).

MS (ESI+, m/e) 208 (M+1)
In the same manner as in the method shown in Reference

Example 235, the following compound (Reference Example
330) was obtained.
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Reference Example 330

tert-butyl (3S,5R)-3-[{[1-(2-flucrophenyl)-1H-1,2,3-
triazol-4-yl]carbonyl} (2-methylpropyl)amino]-5-
(morpholin-4-ylcarbonyl)piperidine-1-carboxylate

W/\N o
-
YT@WN

'H-NMR (CDCL,) & 0.86-1.02 (6H, m), 1.40 (6H, br s),
1.48 (3H, brs), 2.01-2.18 (2H, m), 2.77-2.94 (6H, m), 3.13-
3.51 (1H, m), 3.58-3.74 (6H, m), 3.88-5.22 (4H, m), 7.28-
7.42(2H, m), 7.42-7.56 (1H, m),7.77-8.05 (1H, m), 8.59 (1H,
br s).

MS (ESI+, m/e) 559 (M+1)

Reference Example 331

tert-butyl (3S,5R)-3-[{[1-(2-fluorophenyl)-5-(meth-

oxymethyl)-1H-1,2 3-triazol-4-yl]carbonyl}(2-meth-

ylpropyl)amino]-5-(morpholin-4-ylcarbonyl)piperi-
dine-1-carboxylate

\(\N o
-
YTN@TU

tert-Butyl (3S,5R)-3-[{[1-(2-fluorophenyl)-5-(hydroxym-
ethyl)-1H-1,2,3-triazol-4-yl|carbonyl } (2-methylpropyl)
amino |-5-(morpholin-4-ylcarbonyl)piperidine- 1 -carboxy-
late (210 mg) and triethylamine (150 pl) were dissolved in
THF (4 ml), and methanesulfonyl chloride (45 pl) was added
under ice-cooling. The mixture was stirred at 0° C. for 4 hr,
sodium methoxide (28% methanol solution, 350 mg) and
methanol (4 ml) were added and the mixture was stirred at
room temperature for 2 hr. The reaction mixture was diluted
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with water and extracted with ethyl acetate. The extract was
washed with saturated brine, and dried over anhydrous mag-
nesium sulfate. The solvent was evaporated under reduced
pressure. The residue was subjected to silica gel column
chromatography, and a fraction eluted with ethyl acetate-
hexane (10:90-100:0) was concentrated under reduced pres-
sure to give the object product (195 mg).

HI-NMR (CDCl,) § 0.86 (2H, d), 0.97 (4H, dd), 1.42 (6H,
s), 1.48 (3H, 5), 2.17 (2, brs), 2.67-3.06 (311, m), 3.16-3.25
(4H,m), 3.29 (1H, brs), 3.33-3.56 (2H, m), 3.72 (4L, 5), 3.68
(41, 5), 4.19-4.33 (1H, m), 4.51-4.81 (3H, m), 7.28-7.44 (2H,
m), 7.47-7.65 (2H, m).

MS (ESI+, m/e) 603 (M+1)
Reference Example 332

tert-butyl (3S,5R)-3-[({ 1-(2-fluorophenyl)-5-[(2-
methoxyethoxy)methyl]-1H-1,2,3-triazol-4-
yl}carbonyl)(2-methylpropyl)amino]-5-(morpholin-
4-ylcarbonyl)piperidine-1-carboxylate

\(\N o
o
ﬁr@WV

tert-Butyl (3S,5R)-3-[{[1-(2-fluorophenyl)-5-(hydroxym-
ethyl)-1H-1,2,3-triazol-4-yl]carbonyl }(2-methylpropyl)
amino]-5-(morpholin-4-ylcarbonyl)piperidine- 1-carboxy-
late (510 mg) and triethylamine (365 pl) were dissolved in
THF (8 ml), and methanesulfonyl chloride (110 pl) was added
under ice-cooling. The mixture was stirred at 0° C. for 3 hr,
2-methoxyethanol (200 mg) was added and the mixture was
stirred at room temperature for 14 hr. The reaction mixture
was diluted with water and extracted with ethyl acetate. The
extract was washed with saturated brine, and dried over anhy-
drous magnesium sulfate. The solvent was evaporated under
reduced pressure. The residue was subjected to silica gel
column chromatography, and a fraction eluted with ethyl
acetate-hexane (10:90-100:0) was concentrated under
reduced pressure to give the object product (491 mg).

HI-NMR (CDCl,) § 0.87 (2H, d), 0.97 (4H, dd), 1.33-1.54
(9H, m), 1.85-2.22 (2H, m), 2.49 (1ML, br s), 2.80 (211, br ),
2.99 (1H, brs), 3.13-3.41 (6H, m), 3.41-3.58 (31, m), 3.58-
3.90 (8H, m), 4.10-4.22 (1H, m), 4.28 (11, brs), 4.64 (11, br
s), 4.76-4.96 (2H, m), 7.28-7.40 (2H, m), 7.47-7.63 (2H, m).

MS (BSI+, m/e) 647 (M+1)

In the same manner as in the method shown in Reference
Example 270, the following compound (Reference Example
333) was obtained.
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Reference Example 333

tert-butyl (3S,5R)-3-[({5-[(2,2-difluoroethoxy)me-

thyl]-1-phenyl-1H-1,2,3-triazol-4-yl } carbonyl)(2-

methylpropyl)amino]-5-(morpholin-4-ylcarbonyl)
piperidine-1-carboxylate

\(\N 0
N
ﬁr@rv

MS (ESI+, m/e) 635 (M+1)

In the same manner as in the method shown in Reference
Example 235, the following compound (Reference Example
334) was obtained.

Reference Example 334

tert-butyl (3S,5R)-3-{[(5-cyclopropyl-1-phenyl-1H-
1,2,3-triazol-4-yl)carbonyl](2-methylpropyl)amino} -
5-(morpholin-4-ylcarbonyl)piperidine-1-carboxylate

\‘/\N o
-
YT@WN

MS (ESI+, m/e) 581 (M+1)
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Reference Example 335

tert-butyl (3S,5R)-3-[{[1-(2-fluorophenyl)-5-(4-
methoxybutyl)-1H-1,2,3-triazol-4-yl|carbonyl }(2-
methylpropyl)amino]-5-(1,3-oxazol-5-yl)piperidine-
1-carboxylate

F
N—N /
J :
7z

\(\N o
YT@\E}

tert-Butyl  (3S,5R)-3-[{[1-(2-fluorophenyl)-5-(4-meth-
oxybutyl)-1H-1,2,3-triazol-4-yl]carbonyl } (2-methylpropyl)
amino]-5-formylpiperidine-1-carboxylate (235 mg) and
tosylmethyl isocyanide (125 mg) were dissolved in methanol
(4 ml), sodium methoxide (28% methanol solution, 325 mg)
was added and the mixture was heated under reflux with
stirring for 2 hr. The mixture was cooled to room temperature,
diluted with water and extracted with ethyl acetate. The
extract was washed with saturated brine, and dried over anhy-
drous magnesium sulfate. The solvent was evaporated under
reduced pressure. The residue was subjected to silica gel
column chromatography, and a fraction eluted with ethyl
acetate-hexane (5:95-100:0) was concentrated under reduced
pressure to give the object product (98.5 mg).

'H-.NMR (CDCl,)$ 0.90 (31, brs), 0.99 (3H, d), 1.40-1.57
(13H,m), 1.71 (20, brs), 1.92-2.07 (1H, m), 2.13-2.37 (1H,
m), 2.68 (2H, d), 2.83 (2H, d), 2.90-3.07 (1H, m), 3.17-3.31
(5H, m), 3.48-4.05 (2H, m), 4.13-4.91 (2H, m), 6.86 (1H, 5),
7.36 (20, 1), 7.47 (1H, 1), 7.58 (1, td), 7.81 (1L, s).

MS (BSI+, m/e) 599 (M+1)

In the same manner as in the method shown in Reference
Example 335, the following compound (Reference Example
336) was obtained.
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Reference Example 336

tert-butyl (3S)-3-[{[1-(2-fluorophenyl)-5-(4-meth-
oxybutyl)-1H-1,2 3-triazol-4-yl]carbonyl} (2-methyl-
propyl)amino]-5-(1,3-oxazol-5-yl)piperidine-1-car-
boxylate

e
e
OT@I}

MS (ESI+, m/e) 599 (M+1)

In the same manner as in the method shown in Example
147, the compounds described in the following Examples

164-168 were obtained.

Example 164

1-(2-fluorophenyl)-5-[ (2-methoxyethoxy )methyl]-N-
(2-methylpropyl)-N-[(3S,5R)-5-(morpholin-4-ylcar-
bonyl)piperidin-3-yl]-1H-1,2,3-triazole-4-carboxam-

ide hydrochloride
F
N—N /
J o O
A
N

MS (ESI+, m/e) 547 (M+1)
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Example 165

1-(2-fluorophenyl)-5-(4-methoxybutyl)-N-[(3S,5R)-
5-(methoxymethyl)piperidin-3-y1]-N-(2-methylpro-
pyD)-1H-1,2,3-triazole-4-carboxamide hydrochloride

F
N—N /
N// (@)
7
HCI
W/\N 0
HN 1)

MS (ESI+, m/e) 476 (M+1)

Example 166

1-(2-fluorophenyl)-5-(4-methoxybutyl)-N-(2-meth-
ylpropyl)-N-[(3S,5R)-5-(1,3-0xazol-5-yl)piperidin-
3-yl]-1H-1,2,3-triazole-4-carboxamide hydrochlo-

ride
F
N—N /
N// @)
7
HCI
W/\N 0
AN 0

MS (ESI+, m/e) 499 (M+1)
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Example 167

1-(2-fluorophenyl)-5-(4-methoxybutyl)-N-(2-meth-
ylpropyl)-N-[(3S)-5-(1,3-0xazol-5-yl)piperidin-3- 5
yl]-1H-1,2,3-triazole-4-carboxamide hydrochloride

F 10

N—N /

// (6]
N 7 15
HCI
Y\N 0
20
AN 0
W

N 25
MS (ESI+, m/e) 499 (M+1) 30
Example 168 35

5-cyclopropyl-N-(2-methylpropyl)-N-[(3S,5R)-5-
(morpholin-4-ylcarbonyl)piperidin-3-yl]-1-phenyl-
1H-1,2,3-triazole-4-carboxamide hydrochloride 40

ﬁg .
Yéw N

60

MS (ESI+, m/e) 481 (M+1)

In the same manner as in the method shown in Example 65
161, the compound described in the following Example 169
was obtained.

366
Example 169

N-[(3S,5R)-5-(difluoromethyl)piperidin-3-y1]-1-(2-
fluorophenyl)-5-(4-methoxybutyl)-N-(2-methylpro-
pyD-1H-1,2,3-triazole-4-carboxamide 1/2 fumarate

-
ji\/\ﬁ

Y ( HOZC\/\COZH

MS (ESI+, m/e) 482 (M+1)

Example 170

1-(2-fluorophenyl)-N-[(3S,5R)-5-(hydroxymethyl)
piperidin-3-yl]-5-(4-methoxybutyl)-N-(2-methylpro-
pyD)-1H-1,2,3-triazole-4-carboxamide hydrochloride

Z§Z
Q,

tert-Butyl  (3S,5R)-3-[{[1-(2-fluorophenyl)-5-(4-meth-
oxybutyl)-1H-1,2,3-triazol-4-yl]carbonyl } (2-methylpropyl)
amino]-5-(hydroxymethyl)piperidine-1-carboxylate ~ (400
mg) was dissolved in 10% hydrogen chloride-methanol (4
ml), and the mixture was stirred at room temperature for 18 hr.
The reaction mixture was concentrated to give the object
product (334 mg).

MS (ESI+, m/e) 462 (M+1)

In the same manner as in the method shown in Example
170, the compounds described in the following Examples
171-173 were obtained.
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Example 171

1-(2-fluorophenyl)-N-[(3S,5R)-5-(hydroxymethyl)

piperidin-3-yl]-N-(2-methylpropyl)-5-(phenoxym-

ethyl)-1H-1,2,3-triazole-4-carboxamide hydrochlo-
ride

HCl

MS (ESI+, m/e) 482 (M+1)

Example 172

1-(2,3-difluorophenyl)-N-[(3S,5R)-5-(hydroxym-
ethyl)piperidin-3-yl]-5-(4-methoxybutyl)-N-(2-meth-
ylpropyl)-1H-1,2,3-triazole-4-carboxamide hydro-

chloride
F
F
N—N /
N// (@)
/
HCI
Y N o
HN OH

MS (ESI+, m/e) 480 (M+1)
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Example 173

1-(2,6-difluorophenyl)-N-[(3S,5R)-5-(hydroxym-
ethyl)piperidin-3-yl]-5-(4-methoxybutyl)-N-(2-meth-
ylpropyl)-1H-1,2,3-triazole-4-carboxamide hydro-
chloride

N// (@)
i
HCl
\(\N 0
HN OH

MS (ESI+, m/e) 480 (M+1)
Example 174
N-[(3S,5R)-5-(1-hydroxyethyl)piperidin-3-y1]-5-[ (2-
methoxyethoxy)methyl]-1-(2-methylphenyl)-N-(2-

methylpropyl)-1H-1,2,3-triazole-4-carboxamide 1/2
fumarate

W/\N 0
( HOZC\/\COZH )

12

OH

tert-Butyl  (3R,5S)-3-(1-hydroxyethyl)-5-[({5-[(2-meth-
oxyethoxy)methyl]-1-(2-methylphenyl)-1H-1,2,3-triazol-4-
yl}carbonyl)(2-methylpropyl)amino]piperidine-1-carboxy-
late (319 mg) was dissolved in 10% hydrogen chloride-
methanol (4 ml), and the mixture was stirred at room
temperature for 13 hr. The reaction mixture was concentrated
under reduced pressure, and the residue was subjected to
reversed-phase preparative HPLC and the eluted fraction was
concentrated under reduced pressure. The residual aqueous
layer was neutralized with 3.5M aqueous potassium carbon-
ate solution and extracted with ethyl acetate. The extract was
dried over anhydrous magnesium sulfate, and the solvent was
concentrated under reduced pressure. The residue and
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fumaric acid (27.9 mg) were dissolved in methanol (2 ml),
and the solvent was evaporated under reduced pressure to give
the object product (254 mg).

MS (ESI+, m/e) 474 (M+1)

In the same manner as in the method shown in Example
174, the compounds described in the following Examples
175-184 were obtained.

Example 175

1-(2-fluorophenyl)-5-(hydroxymethyl)-N-(2-methyl-
propyD)-N-[(3S,5R)-5-(morpholin-4-ylcarbonyl)pip-
eridin-3-yl]-1H-1,2,3-triazole-4-carboxamide 1/2
fumarate

-
N—N
/ OH
Nﬁ\/
\(\N 0]
//\o ( HOZC\/\CozH )1/2
i NQ

(6]
MS (ESI+, m/e) 489 (M+1)
Example 176

1-(2-fluorophenyl)-N-[(3S,5R)-5-(1-hydroxy-2-
methoxyethyl)piperidin-3-yl]-5-(4-methoxybutyl)-N-
(2-methylpropyl)-1H-1,2,3-triazole-4-carboxamide
1/2 fumarate

370
Example 177

N-[(3S,5R)-5-(2-ethoxy-1-hydroxyethyl)piperidin-3-

5 y1]-1-(2-fluorophenyl)-5-(4-methoxybutyl)-N-(2-
methylpropyl)-1H-1,2,3-triazole-4-carboxamide 1/2
fumarate
10
F
N—N /
15 Vi 0
NG
\(\ N 0
20 HO,C
( 2 \/\ CO.H )1/2
25
30
MS (ESI+, m/e) 520 (M+1)
. Example 178
1-(2,3-difluorophenyl)-N-[(3S,5R)-5-(1-hydroxy-
ethyl)piperidin-3-yl]-5-(4-methoxybutyl)-N-(2-meth-
40 ylpropyl)-1H-1,2,3-triazole-4-carboxamide 1/2
fumarate

45 F

MS (ESI+, m/e) 506 (M+1)

MS (ESI+, m/e) 494 (M+1)
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Example 179 Example 181
1-(2,6-difluorophenyl)-N-[(3S,5R)-5-(1-hydroxy- 1-(2-fluorophenyl)-N-[(3S,5R)-5-(1-hydroxypropyl)
ethyl)piperidin-3-yl] -5-(4.1 -methoxybutyl)-N- (2-meth- s piperidin-3-yl]-5-(4-methoxybutyl)-N-(2-methylpro-
ylpropyl)-1H-1,2,3-triazole-4-carboxamide 1/2 pyD-1H-1,2,3-triazole-4-carboxamide 1/2 fumarate
fumarate
10 F
F
N—N /
/ Y )
/I/\I - F o 15 y
N,

20

25

30
MS (ESI+, m/e) 490 (M+1)
MS (ESI+, m/e) 494 (M+1)

Example 180 3

Example 182
N-{(3S,5R)-5-[cyclopropyl(hydroxy)methyl|piperi-

din-3-y1}-1-(2-fluorophenyl)-5-(4-methoxybutyl)-N- 1-(2-fluorophenyl)-N-[(3S,5R)-5-(1-hydroxybutyl)
(2-methylpropyl)-1H-1,2,3-triazole-4-carboxamide 40 piperidin-3-yl]-5-(4-methoxybutyl)-N-(2-methylpro-
1/2 fumarate pyD-1H-1,2,3-triazole-4-carboxamide 1/2 fumarate
F 45 F
N—N / N—N /
I © / ©
Z > AN

55

60

65

MS (ESI+, m/e) 502 (M+1) MS (ESI+, m/e) 504 (M+1)
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Example 183

1-(2-fluorophenyl)-N-[ (3S,5R)-5-(1-hydroxy-2-me-
thylpropyl)piperidin-3-yl]-5-(4-methoxybutyl)-N-(2-
methylpropyl)-1H-1,2,3-triazole-4-carboxamide 1/2

w

fumarate
10
F
/I/\I A o/ 15
N,
/
20
25
30
MS (ESI+, m/e) 504 (M+1)
35
Example 184
1-(2-fluorophenyl)-N-[(3S,5R)-5-(1-hydroxypentyl)
piperidin-3-yl]-5-(4-methoxybutyl)-N-(2-methylpro- 40
pyD-1H-1,2,3-triazole-4-carboxamide 1/2 fumarate

F 45

N—N /

/i ©

N 7 50
55
60
65

MS (ESI+, m/e) 518 (M+1)

374
Example 185

1-(2-fluorophenyl)-N-(2-methylpropyl)-N-[(3S,5R)-

5-(morpholin-4-ylcarbonyl)piperidin-3-yl]-5-(phe-

noxymethyl)-1H-1,2,3-triazole-4-carboxamide 1/2
fumarate

( HOZC\/\COZH )

12

tert-Butyl (3S,5R)-3-[{[1-(2-fluorophenyl)-5-(phe-
noxymethyl)-1H-1,2,3-triazol-4-yl]carbonyl} (2-methylpro-
pyDamino]-5-(morpholin-4-ylcarbonyl)piperidine-1-car-
boxylate (119 mg) was dissolved in 1M hydrogen chloride-
ethyl acetate (4 ml), and the mixture was stirred at room
temperature for 13 hr and concentrated under reduced pres-
sure. The residue was diluted with ethyl acetate, washed
successively with 3.5M aqueous potassium carbonate solu-
tion and saturated brine, and dried over anhydrous magne-
sium sulfate. The solvent was evaporated under reduced pres-
sure. The residue was subjected to basic silica gel column
chromatography, and a fraction eluted with ethyl acetate-
hexane-methanol (10:90:0-100:0:0-85:0:15) was concen-
trated under reduced pressure. The residue was dissolved in
methanol (2 ml), fumaric acid (7.9 mg) was added and the
mixture was stirred at room temperature for 1 hr. The reaction
mixture was concentrated under reduced pressure to give the
object product (87 mg).

MS (ESI+, m/e) 565 (M+1)

In the same manner as in the method shown in Example
185, the compounds described in the following Examples
186-197 were obtained.
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Example 186

1-(2-fluorophenyl)-5-[ (2-methoxyethoxy )methyl]-N-

(2-methylpropyl)-N-[(3S,5R)-5-(morpholin-4-ylcar-

bonyl)piperidin-3-yl]-1H-1,2,3-triazole-4-carboxam-
ide 1/2 fumarate

F
/I/\I—N o\/\ o/
7
HOZC\/\COZH

MS (ESI+, m/e) 547 (M+1)

Example 187

1-(2-fluorophenyl)-N-(2-methylpropyl)-N-[(3S,5R)-

5-(morpholin-4-ylcarbonyl)piperidin-3-y1]-5-[2-(1,3-

thiazol-2-yl)ethyl]-1H-1,2,3-triazole-4-carboxamide
1/2 fumarate

N—N N

J P /J

@Yh

HOZC
\/\COZH

MS (ESI+, m/e) 570 (M+1)
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Example 188

5-[(4-fluorophenoxy )methyl]-N-(2-methylpropyl)-N-

[(3S,5R)-5-(morpholin-4-ylcarbonyl)piperidin-3-yl]-

1-phenyl-1H-1,2,3-triazole-4-carboxamide 1/2 fuma-
rate

MS (ESI+, m/e) 565 (M+1)

Example 189

1-(2-fluorophenyl)-N-(2-methylpropyl)-N-[(3S,5R)-
5-(morpholin-4-ylcarbonyl)piperidin-3-yl]-1H-1,2,3-
triazole-4-carboxamide 1/2 fumarate

( HOZC\/\COZH )1/2

MS (ESI+, m/e) 459 (M+1)



US 9,221,836 B2

377
Example 190

1-(2-fluorophenyl)-5-methyl-N-(2-methylpropyl)-N-
[(3S,5R)-5-(morpholin-4-ylcarbonyl)piperidin-3-yl]-

1H-1,2,3-triazole-4-carboxamide 1/2 fumarate

HN N

MS (ESI+, m/e) 473 (M+1)
Example 191

5-ethyl-1-(2-fluorophenyl)-N-(2-methylpropyl)-N-

[(3S,5R)-5-(morpholin-4-ylcarbonyl)piperidin-3-yl]-

1H-1,2,3-triazole-4-carboxamide 1/2 fumarate

Z§Z

\

wﬂ

MS (ESI+, m/e) 487 (M+1)

HOZC
\/\C02H )1/2
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Example 192

1-(2-fluorophenyl)-N-(2-methylpropyl)-N-[(3S,5R)-

5-(morpholin-4-ylcarbonyl)piperidin-3-yl]-5-propyl-
1H-1,2,3-triazole-4-carboxamide 1/2 fumarate

@\(ﬁ

HOZC
\/\COZH

MS (ESI+, m/e) 501 (M+1)
Example 193
5-butyl-1-(2-fluorophenyl)-N-(2-methylpropyl)-N-

[(3S,5R)-5-(morpholin-4-ylcarbonyl)piperidin-3-yl]-
1H-1,2,3-triazole-4-carboxamide 1/2 fumarate

MS (ESI+, m/e) 515 (M+1)
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Example 194 Example 196

1-(2-fluorophenyl)-N-(2-methylpropyl)-N-[(3S,5R)-
5-(morpholin-4-ylcarbonyl)piperidin-3-y1]-5-(3,3,3-
trifluoropropyl)-1H-1,2,3-triazole-4-carboxamide 1/2 5
fumarate

1-(2-fluorophenyl)-5-(methoxymethyl)-N-(2-methyl-
propyD)-N-[(3S,5R)-5-(morpholin-4-ylcarbonyl)pip-
eridin-3-yl]-1H-1,2,3-triazole-4-carboxamide 1/2
fumarate

\

\hN ) 20 Y HOZC\/\COZH)

© 25
HO,C
( 2 \/\ COLH )1/2
30
MS (ESI+, m/e) 503 (M+1)
MS (ESI+, m/e) 555 (M+1)
39 Example 197
Example 195
1-(2-fluorophenyl)-N-(2-methylpropyl)-5-[(methyl- 1-(2-fluorophenyl)-5-(1 -methylf:thyl)-N-(2-methyl-
sulfanyl)methyl]-N-[(3S,5R )-5-(morpholin-4-ylcar- propyl)-N-[(38,5R)-5-(morpholin-4-ylcarbonyl)pip-
bonyl)piperidin-3-yl]-1H-1,2,3-triazole-4-carboxam- 40 eridin-3-yl]-1H-1,2,3-triazole-4-carboxamide 1/2
ide 1/2 fumarate fumarate
45
N—N
i
/ * N
HO,C
HO C 3
2 \/\COZH) ( \/\COZH )1/

Y S SRR

60

65

MS (ESI+, m/e) 519 (M+1) MS (ESI+, m/e) 501 (M+1)
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Example 198

5-[(2,2-difluoroethoxy)methyl]-N-(2-methylpropyl)-
N-[(3S,5R)-5-(morpholin-4-ylcarbonyl)piperidin-3-
yl]-1-phenyl-1H-1,2,3-triazole-4-carboxamide

age
K

e}

tert-Butyl  (3S,5R)-3-[({5-[(2,2-difluoroethoxy)methyl]-
1-phenyl-1H-1,2,3-triazol-4-yl }carbonyl)(2-methylpropyl)
amino |-5-(morpholin-4-ylcarbonyl)piperidine- 1 -carboxy-
late (15.0 mg) was dissolved in 1M hydrogen chloride-ethyl
acetate (3 ml), and the mixture was stirred at room tempera-
ture for 3 hr. The reaction mixture was concentrated under
reduced pressure, the residue was subjected to reversed-phase
preparative HPL.C and the eluted fraction was concentrated
under reduced pressure. The residual aqueous layer was neu-
tralized with 3.5M aqueous potassium carbonate solution and
extracted with ethyl acetate. The extract was dried over anhy-
drous magnesium sulfate, and the solvent was evaporated
under reduced pressure to give the object product (3.6 mg).

MS (ESI+, m/e) 535 (M+1)

Reference Example 337

methyl 5-(2-methoxyphenyl)-
1H-pyrrole-2-carboxylate

o

\ NH
MeO 0]

28%-Sodium metholate-methanol solution (4.4 ml) was
diluted with methanol (5 ml), and cooled to —20° C. A solu-

10

15

20

25

30

35

40

45

50

55

60

65

382

tion of (2E)-3-(2-methoxyphenyl)prop-2-enal (2.4 g) and
ethyl azidoacetate (7.5 g) in methanol (8 ml) was added over
30 min, and the mixture was stirred at —10° C. for 1 hr and at
room temperature for 2 hr. The reaction mixture was poured
into water and extracted with ether. The extract was washed
with brine, and dried over anhydrous sodium sulfate. The
solvent was evaporated under reduced pressure. The residue
was subjected to silica gel column chromatography, and a
fraction eluted with ethyl acetate-hexane (1:4) was concen-
trated under reduced pressure to give methyl (27,4E)-2-
azido-5-(2-methoxyphenyl)penta-2,4-dienoate (3.6 g). A part
(3.5 g) thereof was dissolved in chloroform (10 ml), zinc
iodide (214 mg) was added and the mixture was stirred at
room temperature for 12 hr. The reaction mixture was poured
into water, and extracted with 1,2-dichloroethane. The extract
was dried over anhydrous sodium sulfate and the solvent was
evaporated under reduced pressure. The residue was sub-
jected to silica gel column chromatography, and a fraction
eluted with ethyl acetate-hexane (1:4) was concentrated
under reduced pressure to give the object product (3.26 g).

FI-NMR (CDCl,) & 3.88 (3H, s), 4.00 (31, s), 6.57-6.66
(1H, m), 6.90-7.06 (3H, m), 7.20-7.29 (1H, m), 7.68 (1H, d),
10.41 (1H, br s)

Reference Example 338

ethyl 1-(4-methoxybutyl)-5-phenyl-1H-pyrrole-2-
carboxylate

\N
‘\_\;O

/\O 0] \

Ethyl 5-phenyl-1H-pyrrole-2-carboxylate (400 mg) and
4-methoxybutyl methanesulfonate (440 mg) were dissolved
in DMF (10 ml), cesium carbonate (780 mg) was added and
the mixture was stirred at 60° C. for 12 hr. The reaction
mixture was poured into water and the mixture was extracted
with ethyl acetate. The extract was washed with brine, and
dried over anhydrous sodium sulfate. The solvent was evapo-
rated under reduced pressure. The residue was subjected to
silica gel column chromatography, and a fraction eluted with
ethyl acetate-hexane (1:9-1:4) was concentrated under
reduced pressure to give the object product (430 mg).

'H-NMR (CDCl,) 8 1.31-1.47 (2H, m), 1.61-1.76 (2H, m),
3.21 (2H, 1), 3.22-3.23 (3H, m), 3.83 (3H, s), 6.15 (1H, d),
7.03 (1H, d), 7.34-7.48 (SH, m).

In the same manner as in Reference Example 338, the
following compounds (Reference Examples 340-343) were
synthesized.
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Reference Example 339

ethyl 1-(4-methoxybutyl)-5-(1-methylethyl)-1H-
pyrrole-2-carboxylate

NN e
~ o o)

'H-NMR (CDCl,) 8 1.18-1.41 (9H, m), 1.55-1.83 (4H, m),
1.56-1.85 (3H, m), 2.95 (1H, dt), 3.28-3.47 (5H, m), 4.18-
4.39 (4H, m), 5.99 (1H, 1), 6.95 (1H, d).

Reference Example 340

methyl 1-(4-methoxybutyl)-5-(thiophen-2-yl)-1H-
pyrrole-2-carboxylate

'H-NMR (CDCl;) & 1.48-1.63 (2H, m), 1.81 (1H, m),
3.25-3.38 (3, m), 3.27-3.35 (5H, m), 3.84 (3H, ), 4.46 (21,
d), 6.28 (1H, d), 7.00 (1H, d), 7.08-7.13 (2H, m), 7.39 (1M,
dd)

Reference Example 341

methyl 1-(4-methoxybutyl)-5-(2-methoxyphenyl)-
1H-pyrrole-2-carboxylate

'H-NMR (CDCl,) 8 1.21-1.44 (2H, m), 1.54-1.69 (2H, m),
3.20 (3H, ), 3.16 (1H, 1), 3.80 (311, 5), 3.83 (3HL, 5), 4.18 (21,
1), 4.25-4.41 (2H, m), 6.09 (1H, d), 6.93-7.13 (3H, m), 7.20-
7.49 (2H, m)
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Reference Example 342

methyl
1-(4-methoxybutyl)-1H-pyrrole-2-carboxylate

'HI-NMR (CDCl3) 8 1.57 (2H, dd), 1.77-1.91 (2H, m), 3.32
(3H, s), 3.38 (2H, 1), 3.81 (3, 5), 4.34 (2H, 1), 6.09-6.14 (11,
m), 6.83-6.87 (1H, m), 6.95 (1H, dd)

Reference Example 343

methyl 5-formyl-1-(4-methoxybutyl)-1H-pyrrole-2-
carboxylate

HI-NMR (CDCl,) 8 1.54-1.69 (2H, m), 1.70-1.90 (2H, m),
333 (31, 5), 3.40 (21, 1), 3.88 (31, 5), 4.84 (2H, d), 6.86-6.96
(2H, m), 9.71 (1H, s)

Reference Example 344

methyl 5-bromo-1H-pyrrole-2-carboxylate

Methyl  1-(4-methoxybutyl)-1H-pyrrole-2-carboxylate
(4.5 g) was dissolved in dichloromethane (30 ml), N-bromo-
succinimide (4.0 g) was added and the mixture was stirred for
1 hr. The reaction mixture was washed successively with
water and brine, and dried over anhydrous sodium sulfate.
The solvent was evaporated under reduced pressure. The
residue was subjected to silica gel column chromatography,
and a fraction eluted with ethyl acetate-hexane (1:4) was
concentrated under reduced pressure to give the object prod-
uct (2.2 g).

'"H-NMR (CDCl,) 8 1.62 (2H, dd), 1.70-1.85 (2H, m), 3.33
(3H, s), 3.39 (2H, 1), 3.80 (3H, s), 4.38-4.50 (2H, m), 6.19
(1H, d), 6.94 (1H, d)
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Reference Example 345

1-(4-methoxybutyl)-5-phenyl-1H-pyrrole-2-carboxy-
lic acid 5

20

Ethyl  1-(4-methoxybutyl)-5-phenyl-1H-pyrrole-2-car-
boxylate (430 mg) was dissolved in methanol (2 ml), 2M
aqueous sodium hydroxide solution (4 ml) was added and the
mixture was stirred at 60° C. for 12 hr. The reaction mixture
was concentrated under reduced pressure, and the aqueous
layer of the mixture was adjusted to pH 3 with 6M hydrochlo-
ric acid, and the mixture was extracted with ethyl acetate. The 30
extract was washed with brine, and dried over anhydrous
sodium sulfate. The solvent was evaporated under reduced
pressure to give the object product (420 mg).

'H-NMR (DMSO-dy) 8: 1.11-1.27 (2H, m), 1.44-1.60 (2H, 5
m),3.01-3.13 (5H,m), 4.31 (2H, 1), 6.15 (1H, d), 6.91 (1H, d),
7.34-7.50 (5H, m), 12.15 (1H, s)

In the same manner as in Reference Example 345, the

following compounds (Reference Examples 346-349) were
synthesized. 40

25

Reference Example 346 45
1-(4-methoxybutyl)-5-(1-methylethyl)-1H-pyrrole-2-

carboxylic acid

50

N
\ \/\/\O/
HO 0 60
IH-NMR (CDCL,) & 1.53-1.83 (4H, m), 2.94 (1H, m), ¢

3.25-3.46 (5H, m), 4.27 (2H, dd), 5.88-6.10 (1H, m), 6.95
(1M, 1), 8.9 (1ML, br)
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Reference Example 347

1-(4-methoxybutyl)-5-(thiophen-2-y1)-1H-pyrrole-2-
carboxylic acid

'H-NMR (CDCl,) 8 1.55 (2H, d), 1.73-1.88 (3H, m), 3.22-
3.39 (3H, m), 4.42 (2H, d), 6.29 (1H, d), 7.11 (3H, d), 7.39
(1H, dd)

Reference Example 348

1-(4-methoxybutyl)-5-(2-methoxyphenyl)-1H-pyr-
role-2-carboxylic acid

'HI-NMR (CDCl,) 8 1.21-1.42 (2H, m), 1.57-1.72 (1H, m),
3.18 (5H, 1), 3.81 (3H, 5), 4.20 (2, 1), 6.13 (1H, ), 6.94-7.09
(2H, m), 7.20-7.30 (2H, m), 7.42 (1H, dd)

Reference Example 349

5-bromo-1-(4-methoxybutyl)-1H-pyrrole-2-carboxylic
acid

Br

N
A PG N o
HO 0

[I-NMR (CDCl,) 8 1.56-1.70 (2H, m), 1.72-1.88 (2H, m),
334 (3H, s), 3.41 (2H, 1), 4.38-4.55 (2H, m), 6.25 (1H, d),
7.10 (1H, d)
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Reference Example 350

tert-butyl (3S,5R)-3-[{[ 1-(4-methoxybutyl)-5-phe-
nyl-1H-pyrrol-2-yl]carbonyl }(2-methylpropyl)
amino]-5-(morpholin-4-ylcarbonyl)piperidine-1-
carboxylate

N N\/\/\O/

W/\N o

To a mixture of 1-(4-methoxybutyl)-5-phenyl-1H-pyrrole-
2-carboxylic acid (137 mg), 1-tert-butyl 3-methyl (3R,5S)-5-
(isobutylamino)piperidine-1,3-dicarboxylate (134 mg),
chloro-N,N,N'N'-tetramethylformamidinium  hexafluoro-
phosphate (168 mg) and 1,2-dichloroethane (5 ml) was added
diisopropylethylamine (0.449 ml) and the mixture was stirred
at room temperature for 12 hr. The reaction mixture was
concentrated under reduced pressure, diluted with water, and
partitioned. The aqueous layer was extracted with ethyl
acetate, the organic layers were combined and dried over
anhydrous sodium sulfate. The solvent was evaporated under
reduced pressure. The residue was subjected to silica gel
column chromatography, and a fraction eluted with ethyl
acetate-hexane (1:1-1:0) was concentrated under reduced
pressure to give the object product (150 mg).

MS (ESI+, m/e) 625 (M+1)

In the same manner as in Reference Example 350, the
following compounds (Reference Examples 351-354) were
synthesized.

Reference Example 351

tert-butyl (3S,5R)-3-[{[1-(4-methoxybutyl)-5-(1-
methylethyl)-1H-pyrrol-2-yl]carbonyl} (2-methylpro-
pyDamino]-5-(morpholin-4-ylcarbonyl)piperidine-1-
carboxylate

MS (ESI+, m/e) 592 (M+1)
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Reference Example 352

tert-butyl (3S,5R)-3-[{[1-(4-methoxybutyl)-5-
(thiophen-2-y1)-1H-pyrrol-2-yl|carbonyl}(2-methyl-
propyl)amino|-5-(morpholin-4-ylcarbonyl)piperi-
dine-1-carboxylate

MS (ESI+, m/e) 631 (M+1)

Reference Example 353

tert-butyl (3S,5R)-3-[{[1-(4-methoxybutyl)-5-(2-
methoxyphenyl)-1H-pyrrol-2-yl]carbonyl }(2-meth-
ylpropyl)amino]-5-(morpholin-4-ylcarbonyl)piperi-
dine-1-carboxylate

MS (ESI+, m/e) 655 (M+1)
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Reference Example 354

tert-butyl (3S,5R)-3-[{[5-bromo-1-(4-methoxybu-
tyD)-1H-pyrrol-2-yl]carbonyl }(2-methylpropyl)
amino]-5-(morpholin-4-ylcarbonyl)piperidine-1-
carboxylate

Br
N N\/\/\O/
W/\NE zo

MS (ESI+, m/e) 628 (M+1)
Reference Example 355

tert-butyl (3S,5R)-3-[{[ 1-(4-methoxybutyl)-5-(pyri-
din-3-yl)-1H-pyrrol-2-yl]carbonyl } (2-methylpropyl)
amino]-5-(morpholin-4-ylcarbonyl)piperidine-1-
carboxylate

YN o

A mixture of tert-butyl (3S,5R)-3-[{[5-bromo-1-(4-meth-
oxybutyl)-1H-pyrrol-2-yl]carbonyl }(2-methylpropyl)
amino |-5-(morpholin-4-ylcarbonyl)piperidine- 1 -carboxy-
late (188 mg), pyridin-3-ylboronic acid (41 mg), tetrakis
(triphenylphosphine)palladium(0) (35 mg), sodium
carbonate (371 mg), ethanol (2 ml), toluene (2 ml) and water
(2 ml) was heated under reflux for 12 hr. The reaction mixture
was concentrated under reduced pressure, and the residue was
suspended in ethyl acetate and washed with water. The
organic layer was dried over anhydrous sodium sulfate and
the solvent was evaporated under reduced pressure. The resi-
due was subjected to silica gel column chromatography, and
a fraction eluted with ethyl acetate-hexane (1:1-1:0) was con-
centrated under reduced pressure, and crystals were collected
by filtration to give the object product (200 mg).

MS (ESI+, m/e) 626 (M+1)
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Reference Example 356

tert-butyl (3S,5R)-3-[{[ 1-(4-methoxybutyl)- 1H-pyr-
rol-2-yl]carbonyl} (2-methylpropyl)amino]-5-(mor-
pholin-4-ylcarbonyl)piperidine-1-carboxylate

NN N

A mixture of tert-butyl (38,5R)-3-[{[5-bromo-1-(4-meth-
oxybutyl)-1H-pyrrol-2-yl]carbonyl }(2-methylpropyl)
amino]-5-(morpholin-4-ylcarbonyl)piperidine- 1-carboxy-
late (220 mg), pyridin-2-ylboronic acid (65 mg), sodium
carbonate (370 mg), tetrakis(triphenylphosphine)palladium
(40 mg), ethanol (2 ml), toluene (2 ml) and water (2 ml) was
stirred at 80° C. for 12 hr. The solvent was evaporated under
reduced pressure. The residue was dissolved in ethyl acetate-
water, and the organic layer was washed with saturated brine,
and dried over anhydrous sodium sulfate. The solvent was
evaporated under reduced pressure. The residue was sub-
jected to silica gel column chromatography, and a fraction
eluted with ethyl acetate-hexane (1:1-1:0) was concentrated
under reduced pressure to give the object product (240 mg).

MS (ESI+, m/e) 549 (M+1)
Example 199

1-(4-methoxybutyl)-N-(2-methylpropyl)-N-[(3S,5R)-
5-(morpholin-4-ylcarbonyl)piperidin-3-yl]-5-phenyl-
1H-pyrrole-2-carboxamide hydrochloride

tert-Butyl  (3S,5R)-3-[{[1-(4-methoxybutyl)-5-phenyl-
1H-pyrrol-2-yl]carbonyl } (2-methylpropyl)amino]-5-(mor-
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pholin-4-ylcarbonyl)piperidine-1-carboxylate (150 mg) was
dissolved in ethyl acetate (5 ml), 4N hydrogen chloride-ethyl
acetate (5 ml) was added and the mixture was stirred for 1 hr.
The solvent was evaporated under reduced pressure to give
the object product (110 mg).

MS (ESI+, m/e) 525 (M+1)

In the same manner as in Example 199, the following
compound was synthesized.

Example 200
1-(4-methoxybutyl)-N-(2-methylpropyl)-N-[(3S,5R)-

5-(morpholin-4-ylcarbonyl)piperidin-3-yl]-5-(pyri-
din-3-yl)-1H-pyrrole-2-carboxamide dihydrochloride

/N

N e

2HC1

YN o

MS (ESI+, m/e) 526 (M+1)
Example 201
1-(4-methoxybutyl)-N-(2-methylpropyl)-N-[(3S,5R)-

5-(morpholin-4-ylcarbonyl)piperidin-3-yl]-5-
(thiophen-2-y1)-1H-pyrrole-2-carboxamide

tert-Butyl (3S,5R)-3-[{[1-(4-methoxybutyl)-5-(thiophen-
2-y1)-1H-pyrrol-2-yl]carbonyl}(2-methylpropyl)amino]-5-
(morpholin-4-ylcarbonyl)piperidine-1-carboxylate (65 mg)
was dissolved in ethyl acetate (2 ml), 4N hydrogen chloride-
ethyl acetate (5 ml) was added and the mixture was stirred for
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1 hr. The solvent was evaporated under reduced pressure, and
the residue was subjected to reversed-phase preparative
HPLC and the eluted fraction was concentrated under
reduced pressure. The residual aqueous layer was neutralized
with saturated aqueous sodium hydrogen carbonate and
extracted with ethyl acetate. The extract was dried over anhy-
drous sodium sulfate and the solvent was evaporated under
reduced pressure to give the object product (20 mg).

MS (ESI+, m/e) 531 (M+1)

In the same manner as in Example 201, the following
compound was synthesized.

Example 202

1-(4-methoxybutyl)-5-(2-methoxyphenyl)-N-(2-me-
thylpropyD)-n-[(3S,5R)-5-(morpholin-4-ylcarbonyl)
piperidin-3-yl]-1H-pyrrole-2-carboxamide

MS (ESI+, m/e) 531 (M+1)
Example 203

1-(4-methoxybutyl)-5-(1-methylethyl)-N-(2-methyl-
propyD)-N-[(3S,5R)-5-(morpholin-4-ylcarbonyl)pip-
eridin-3-yl]-1H-pyrrole-2-carboxamide

MS (ESI+, m/e) 492 (M+1)
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Example 204

1-(4-methoxybutyl)-N-(2-methylpropyl)-N-[(3S,5R)-

5-(morpholin-4-ylcarbonyl)piperidin-3-yl]-1H-pyr-
role-2-carboxamide

o
Ao

e}

MS (ESI+, m/e) 450 (M+1)
Example 205
Methyl 1-(4-methoxybutyl)-5-{(2-methylpropyl)
[(3S,5R)-5-(morpholin-4-ylcarbonyl)piperidin-3-yl]
carbamoyl }-1H-pyrrole-2-carboxylate

CH;

H;C

5-(Methoxycarbonyl)-1H-pyrrole-2-carboxylic acid (160
mg), tert-butyl (3S,5R)-3-[(2-methylpropyl)amino]-5-(mor-
pholin-4-ylcarbonyl)piperidine-1-carboxylate (250 mg)
obtained in Reference Example 22 and N,N-diisopropylethy-
lamine (630 pl) were dissolved in 1,2-dichloroethane (10 ml),
chloro-N,N,N'N'-tetramethylformamidinium  hexafluoro-
phosphate (410 mg) was added and the mixture was stirred at
room temperature for 3 hr. The reaction mixture was concen-
trated, diluted with aqueous calcium carbonate solution and
the mixture was extracted with ethyl acetate. The extract was
washed with saturated brine, and dried over anhydrous mag-
nesium sulfate. The solvent was evaporated under reduced
pressure. The residue was subjected to silica gel column
chromatography, and a fraction eluted with ethyl acetate-
hexane (0:10-10:0) was concentrated under reduced pressure.
Theresidue was dissolved in DM A (10 ml), cesium carbonate
(790 mg) and 4-methoxybutyl methanesulfonate (230 mg)
were added, and the mixture was stirred at 70° C. overnight.
The reaction mixture was concentrated under reduced pres-
sure, the residue was diluted with water, and the mixture was
extracted with ethyl acetate. The extract was washed with
saturated brine, and dried over anhydrous magnesium sulfate
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and concentrated under reduced pressure. The residue was
dissolved in TFA (1.0 ml), and the mixture was stirred at room
temperature for 30 min, and concentrated under reduced pres-
sure. This was purified by HPCL, and the object fraction was
concentrated, the residue was diluted with aqueous calcium
carbonate solution and the mixture was extracted with ethyl
acetate. The extract was washed with saturated brine, and
dried over anhydrous magnesium sulfate. The solvent was
evaporated under reduced pressure to give the object product
(62.9 mg).

MS (ESI+, m/e) 507 (M+1)

In the same manner as in the method shown in Example 7,
the following compound (Example 206) was obtained.

Example 206

(5-methyl-2-0x0-1,3-dioxol-4-yl)methyl (3R,5S)-5-
[{[5-(4-methoxybutyl)-1-phenyl-1H-1,2,3-triazol-4-
yl]carbonyl }(2-methylpropyl)amino]piperidine-3-
carboxylate hydrochloride

NN 0/
ﬂfﬁ
YN o el
I
[@]

MS (ESI+, m/e) 570 (M+1)
In the same manner as in Reference Example 362, the
following compound (Reference Example 357) was obtained.

Reference Example 357

methyl 5-acetyl-1-(4-methoxybutyl)-1H-pyrrole-2-
carboxylate

;¢

\ N\/\/\O/

H,C
o 0

MS (ESI+, m/e) 254 (M+1)

'"H-NMR (CDCl,) 8 1.57-1.82 (4H, m), 2.49 (3H, s), 3.32
(3H, s), 3.40 (2H, 1), 3.85 (3H, s), 4.84 (2H, 1), 6.88 (2H, s).

In the same manner as in Reference Example 11, the fol-
lowing compound (Reference Example 358) was obtained.
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Reference Example 358

S-acetyl-1-(4-methoxybutyl)-1H-pyrrole-2-carboxy-
lic acid

;G

N
N NN
HO O

MS (ESI+, m/e) 240 (M+1)

'H-NMR (CDCl,) 8 1.58-1.68 (2H, m), 1.74-1.84 (2H, m),
2.52(3H, 5),3.34 (31, 5), 3.42 (2H, 1), 4.85 (2H, 1), 6.92 (1H,
d), 7.04 (1H, d), 8.66 (1H, br).

Reference Example 359

methyl 7-methoxy-3-oxoheptanoate

(€] (€]

H;C /\/\)Uk CH;
~o o

A solution of 5 methoxypentanoic acid (26.4 g) in THF
(250 ml) was cooled 0° C.-5° C., and oxalyl chloride (50.8 g)
was added dropwise over 30 min. The mixture was stirred at
room temperature for 2 hr. The solvent was concentrated
under reduced pressure.

A solution of 2,2-dimethyl-1,3-dioxane-4,6-dione (28.8 g)
in dichloromethane (300 ml) was cooled to 0° C.-5° C., pyri-
dine (31.6 g) was added, and 5-methoxypentanoyl chloride/
dichloromethane solution (20 ml) was added dropwise over
30 min. The mixture was stirred at 0° C.-5° C. for 1 hr.

The reaction mixture was poured into 0.5N hydrochloric
acid (300 ml), washed with water, and dried over anhydrous
magnesium sulfate. The solvent was evaporated under
reduced pressure. The residue was dissolved in methanol
(450 ml) and the mixture was stirred under reflux for 15 hr.
The solvent was concentrated under reduced pressure, and the
residue was distilled under reduced pressure. The fraction
distilled under reduced pressure of 0.3 mmHg at 90° C.-92°
C. was collected to give the object product (27.4 g) as an oil.

MS (ESI+, m/e) 189 (M+1)

'H-NMR (CDCl,) & 1.55-1.72 (4H, m), 2.57 (2H, 1), 3.31
(3H, 1), 3.37 (3H, 1), 3.45 (2H, 5), 3.73 (3H, 5).
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Reference Example 360

5-(4-methoxybutyl)-1-phenyl-1H-1,2,3-triazole-4-
carboxylic acid

HO (6]

A solution of sodium hydride (60% in oil, 2 g) in DMF (50
ml) was cooled to 0° C.-5° C., methyl 7-methoxy-3-oxohep-
tanoate (9.4 g) was added, and the mixture was stirred at 0°
C.-5° C. for 30 min. Phenyl azide (6 g) was added, and the
mixture was stirred at room temperature for 15 hr. The solvent
was concentrated under reduced pressure, and methanol (100
ml) was added to the residue and 4N aqueous sodium hydrox-
ide solution (20 ml) was further added. The mixture was
stirred at 60° C. for 1 hr. The solvent was evaporated under
reduced pressure and water (100 ml) was added to the residue.
6N Hydrochloric acid was added for neutralization and the
mixture was extracted with ethyl acetate (100 mix2). The
extract was dried over anhydrous sodium sulfate and the
solvent was evaporated under reduced pressure. The residue
was subjected to silica gel column chromatography, and a
fraction eluted with ethyl acetate was concentrated under
reduced pressure to give the object product (7.2 g) as a white
powder.

MS (ESI+, m/e) 276 (M+1)

'"H-NMR (CDCl,) 8 1.49-1.70 (4H, m), 3.04 (2H, t), 3.27
(3H, s), 3.31 (2H, t), 7.44-7.49 (2H, m), 7.58-7.61 (3H, m),
8.76 (1H, br).

Reference Example 361

5-(4-methoxybutyl)-1-(2-methylphenyl)-1H-1,2,3-
triazole-4-carboxylic acid

H;C
N—N
i
N, / O/
HO (6]

A solution of sodium hydride (60% in 0il, 280 mg) in DMF
(10 ml) was cooled to 0° C.-5° C., methyl 7-methoxy-3-
oxoheptanoate (1.32 g) was added, and the mixture was
stirred at 0° C.-5° C. for 30 min. Then, 1-azido-2-methylben-
zene (932 mg) was added, and the mixture was stirred at room
temperature for 15 hr. The solvent was concentrated under
reduced pressure, methanol (10 ml) was added to the residue,
and 4N aqueous sodium hydroxide solution (5 ml) was added
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and the mixture was stirred at 60° C. for 1 hr. The solvent was
evaporated under reduced pressure and water (20 ml) was
added to the residue. 6N Hydrochloric acid was added for
neutralization and the mixture was extracted with ethyl
acetate (20 mlx2). The extract was dried over anhydrous
sodium sulfate and the solvent was evaporated under reduced
pressure. The residue was subjected to silica gel column
chromatography, and a fraction eluted with ethyl acetate was
concentrated under reduced pressure to give the object prod-
uct (930 mg) as an oil.

MS (ESI+, m/e) 290 (M+1)

'H-NMR (CDCl,) 8 1.48-1.62 (4H, m), 2.06 (3H, s), 2.88
(2H, 1), 3.24 (3H, s), 3.27 (2H, 1), 7.24-7.28 (1H, m), 7.38-
7.54 (3H, m), 8.61 (1H, br).

In the same manner as in Reference Example 361, the
following compounds (Reference Examples 362-372) were
obtained.

Reference Example 362

5-(4-methoxybutyl)-1-(3-methylphenyl)-1H-1,2,3-
triazole-4-carboxylic acid

CH;

HO (6]

MS (ESI+, m/e) 290 (M+1)

'H-NMR (CDCl,) § 1.50-1.70 (4H, m), 2.47 (3H, s), 3.03
(2, 1), 3.27 (3H, 5), 3.31 (2H, 1), 7.24 (2H, 1), 7.40 (1H, d),
7.47 (1H, 1), 9.69 (1H, br).

Reference Example 363

5-(4-methoxybutyl)-1-(4-methylphenyl)-1H-1,2,3-
triazole-4-carboxylic acid

CH;

HO (6]

MS (ESI+, m/e) 290 (M+1)

'H-NMR (CDCl,) § 1.49-1.69 (4H, m), 2.48 (3H, s), 3.02
(2H,1),3.28 (3H, 5), 3.31 (2H, 1), 7.36 (4H, q), 10.71 (1H, br).
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Reference Example 364

5-(4-methoxybutyl)-1-(2-methoxyphenyl)-1H-1,2,3-
triazole-4-carboxylic acid

HyC

Z§Z

HO (6]

MS (ESI+, m/e) 306 (M+1)

'"H-NMR (CDCl,) 8 1.43-1.63 (4H, m), 2.88 (2H, br s),
3.25 (3H, s), 3.27 (2H, 1), 3.80 (3H, s), 7.09-7.16 (2H, m),
7.35 (1H, dd), 7.56 (1H, dt), 10.23 (1H, br).

Reference Example 365

5-(4-methoxybutyl)-1-(3-methoxyphenyl)-1H-1,2,3-
triazole-4-carboxylic acid

CH;
(-
(6]
N—N
i
N / O/
HO (6]

MS (ESI+, m/e) 306 (M+1)

'"H-NMR (CDCl,) § 1.51-1.71 (4H, m), 3.05 (2H, t), 3.28
(3H, s), 3.32 (2H, 1), 3.88 (3H, s), 6.98-7.03 (2H, m), 7.12
(1H, dd), 7.48 (1H, 1), 10.43 (1H, br).

Reference Example 366

5-(4-methoxybutyl)-1-(4-methoxyphenyl)-1H-1,2,3-
triazole-4-carboxylic acid

0—CH;

HO (6]

MS (ESI+, m/e) 306 (M+1)
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'H-NMR (CDCl,) & 1.52-1.66 (4H, m), 3.00 (2H, 1), 3.28
(3H, 5), 3.31 (2H, 1), 3.90 (3H, 5), 7.07 (2H, d), 7.36 (2H, d),

9.85 (1H, br).

Reference Example 367

1-(3-chlorophenyl)-5-(4-methoxybutyl)-1H-1,2,3-
triazole-4-carboxylic acid

Cl

HO (6]

MS (ESI+, m/e) 310 (M+1)

'H-NMR (CDCl,) 8 1.52-1.71 (4H, m), 3.06 (2, 1), 3.29
(3H, ), 3.34 (2, 1), 7.37-7.43 (1, m), 7.51-7.61 (3L, m),

931 (1H, br).

Reference Example 368

1-(4-chlorophenyl)-5-(4-methoxybutyl)-1H-1,2,3-
triazole-4-carboxylic acid

HO (6]

MS (ESI+, m/e) 310 (M+1)

'H-NMR (CDCl,) & 1.50-1.70 (4H, m), 3.03 (2H, 1), 3.28
(3H, 5), 3.32 (2H, 1), 7.42 (2H, d), 7.59 (2H, ), 7.83 (1H, br).
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Reference Example 369

1-(3-fluorophenyl)-5-(4-methoxybutyl)-1H-1,2,3-
triazole-4-carboxylic acid

: F
N—N
N//
Vi o
HO (@]
MS (ESI+, m/e) 294 (M+1)
'[I-NMR (CDCl,) & 1.52-1.72 (4H, m), 3.07 (2H, 1), 3.29

(M, 5), 3.34 (21, 1), 7.23-7.35 (3H, m), 7.56-7.63 (1M, m),
9.06 (1M, br).

Reference Example 370

1-(4-fluorophenyl)-5-(4-methoxybutyl)-1H-1,2,3-
triazole-4-carboxylic acid

; |
N—N
N//
Vi e
HO O
MS (ESI+, m/e) 294 (M+1)
'HI-NMR (CDCl,) & 1.51-1.69 (4H, m), 3.02 (2H, 1), 3.28

(3H, 5), 3.33 (2H, 1), 7.26-7.32 (2H, m), 7.44-7.49 (2H, m),
10.15 (1H, br).

Reference Example 371

5-(4-methoxybutyl)-1-[3-(trifluoromethyl)phenyl]-
1H-1,2,3-triazole-4-carboxylic acid

CF3

HO (6]

MS (ESI+, m/e) 344 (M+1)
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'H-NMR (CDCl,) & 1.53-1.73 (4H, m), 3.07 (2H, 1), 3.27
(3H, 5), 3.33 (21, 1), 7.70 (1H, d), 7.78 (2H, 1), 7.89 (1H, d),
10.18 (1M, br).

Reference Example 372

1-(3,4-difluorophenyl)-5-(4-methoxybutyl)-1H-1,2,
3-triazole-4-carboxylic acid

F
: F
N—N
N//
/ s
HO (@]
MS (ESI+, m/e) 312 (M+1)
'H-NMR (CDCl,) § 1.53-1.71 (4H, m), 3.05 (2H, 1), 3.30

(3H, 5), 3.35 (2H, 1), 7.25-7.30 (1H, m), 7.37-7.44 (21, m),
9.61 (1M, br).

Reference Example 373

1-(2-fluorophenyl)-5-(4-methoxybutyl)-1H-1,2,3-
triazole-4-carboxylic acid

F
N—N
I
AN e
HO O

A solution of methyl 7-methoxy-3-oxoheptanoate (2.0 g)
in methanol (70 ml) was cooled to 0° C.-5° C., 1-azido-2-
fluorobenzene (960 mg) and 28% sodium methoxide metha-
nol solution (2 g) were added and the mixture was stirred at
60° C. for 3 hr. Then, 1N sodium hydroxide (14 ml) was
added, and the mixture was stirred at 60° C. for 1 hr. The
solvent was evaporated under reduced pressure and water (20
ml) was added to the residue. 1N Hydrochloric acid was
added for neutralization and the mixture was extracted with
ethyl acetate (50 mlx2). The extract was dried over anhydrous
sodium sulfate and the solvent was evaporated under reduced
pressure. The residue was subjected to silica gel column
chromatography, and a fraction eluted with ethyl acetate was
concentrated under reduced pressure to give the object prod-
uct (1.61 g) as an oil.

MS (ESI+, m/e) 294 (M+1)

'H-NMR (CDCl,) 8 1.45-1.64 (4H, m), 2.97 (2H, t), 3.25
(3H, s), 3.29 (2H, t), 7.33-7.41 (2H, m), 7.46-7.51 (1H, m),
7.59-7.66 (1H, m), 9.27 (1H, br).
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Reference Example 374

1-(2-chlorophenyl)-5-(4-methoxybutyl)-1H-1,2,3-
triazole-4-carboxylic acid

Cl
N—N
i
N, / O/
HO (6]

A solution of methyl 7-methoxy-3-oxoheptanoate (2.0 g)
in methanol (70 ml) was cooled to 0° C.-5° C., 1-azido-2-
chlorobenzene (1.08 g) and 28% sodium methoxide methanol
solution (2 g) were added and the mixture was stirred at 60° C.
for 3 hr. Then, 1N sodium hydroxide (14 ml) was added, and
the mixture was stirred at 60° C. for 1 hr. The solvent was
evaporated under reduced pressure and water (20 ml) was
added to the residue. 1N Hydrochloric acid was added for
neutralization and the mixture was extracted with ethyl
acetate (50 mlx2). The extract was dried over anhydrous
sodium sulfate and the solvent was evaporated under reduced
pressure. The residue was subjected to silica gel column
chromatography, and a fraction eluted with ethyl acetate was
concentrated under reduced pressure to give the object prod-
uct (1.26 g) as a powder.

MS (ESI+, m/e) 310 (M+1)

'[I-NMR (CDCl,) & 1.46-1.59 (4H, m), 2.92 (2H, 1), 3.25
(3H, 5), 3.29 (2H, 1), 7.44-7.67 (4H, m), 9.43 (1H, br).

In the same manner as in Reference Example 374, the
following compounds (Reference Examples 375-377) were
obtained.

Reference Example 375

1-(2,3-difluorophenyl)-5-(4-methoxybutyl)-1H-1,2,
3-triazole-4-carboxylic acid

F
N—N F
N//
7 o
HO 6]

MS (ESI+, m/e) 312 (M+1)

'HI-NMR (CDCl,) & 1.48-1.67 (4H, m), 3.00 (2H, 1), 3.26
(H, s), 3.31 (2H, 1), 7.28-7.40 (2H, m), 7.44-7.52 (1H, m),
8.88 (1M, br).
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Reference Example 376

1-(2,6-difluorophenyl)-5-(4-methoxybutyl)-1H-1,2,
3-triazole-4-carboxylic acid

HO (6]

MS (ESI+, m/e) 312 (M+1)

'H-NMR (CDCl,) 4 1.48-1.67 (4H, m), 2.95 (2H, 1), 3.26
(3H,s),3.31 (2H,1),7.20(2H,1),7.57-7.67 (1H, m), 8.69 (1H,
br).

Reference Example 377

1-(3,5-difluorophenyl)-5-(4-methoxybutyl)-1H-1,2,
3-triazole-4-carboxylic acid

E
: F
N—N
N//
Vi e
HO (@]
MS (ESI+, m/e) 312 (M+1)
'H-NMR (CDCl,) & 1.55-1.73 (4H, m), 3.10 (2H, 1), 3.30
(3H, s), 3.36 (2H, 1), 7.05-7.15 (3H, m), 9.78 (1H, br).

Reference Example 378

1-phenyl-5-(2-phenylethyl)-1H-1,2,3-triazole-4-car-
boxylic acid

N
I
NG

HO (6]

A solution of ethyl 3-oxo-5-phenylpentanoate (1.1 g) in
methanol (50 ml) was cooled to 0° C.-5° C., azidobenzene
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(600 mg) and 28% sodium methoxide methanol solution (965
mg) were added and the mixture was stirred at 60° C. for 3 hr.
Then, 1N sodium hydroxide (10 ml) was added and the mix-
ture was stirred at 60° C. for 1 hr. The solvent was evaporated
under reduced pressure and water (20 ml) was added. 1N
Hydrochloric acid was added for neutralization and the mix-
ture was extracted with ethyl acetate (30 m1x2). The extract
was dried over anhydrous sodium sulfate and the solvent was
evaporated under reduced pressure. The residue was sub-
jected to silica gel column chromatography, and a fraction
eluted with ethyl acetate was concentrated under reduced
pressure to give the object product (480 mg) as a powder.
MS (ESI+, m/e) 294 (M+1)

'H-NMR (CDCl3) & 2.93 (2H, 1), 3.31 (2H, 1), 6.93-6.96
(2H,m), 7.14-7.21 (5H, m), 7.48-7.60 (3H, m), 9.23 (1H, br).

Reference Example 379

tert-butyl (3S,5R)-3-[{[5-(4-methoxybutyl)-1-phe-
nyl-1H-1,2,3-triazol-4-yl]carbonyl } (2-methylpropyl)
amino]-5-(morpholin-4-ylcarbonyl)piperidine-1-
carboxylate

N—N
/i
Nﬁ\/\/\ 0" o
\r\ N 0
o

N N
Boc/
(0]

5-(4-Methoxybutyl)-1-phenyl-1H-1,2,3-triazole-4-car-
boxylic acid (138 mg), tert-butyl (3S,5R)-3-[(2-methylpro-
pyDamino]-5-(morpholin-4-ylcarbonyl)piperidine-1-car-
boxylate (185 mg) and N,N-diisopropylethylamine (345 pl)
were dissolved in 1,2-dichloroethane (5 ml), chloro-N,N,N',
N'-tetramethylformamidinium hexafluorophosphate (154
mg) was added and the mixture was stirred at room tempera-
ture for 15 hr. The reaction mixture was diluted with saturated
aqueous sodium hydrogen carbonate solution and the mixture
was extracted with ethyl acetate. The extract was washed with
saturated brine, and dried over anhydrous magnesium sulfate.
The solvent was evaporated under reduced pressure. The
residue was subjected to silica gel column chromatography,
and a fraction eluted with ethyl acetate-hexane (10:90-100:0)
was concentrated under reduced pressure to give the object
product (235 mg) as an amorphous compound.
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MS (ESI+, m/e) 627 (M+1)
In the same manner as in Reference Example 379, the
following compounds (Reference Examples 380-381) were
obtained.

Reference Example 380

tert-butyl (3S,5R)-3-[{[5-acetyl-1-(4-methoxybutyl)-
1H-pyrrol-2-yl]carbonyl}(2-methylpropyl)amino]-5-
(morpholin-4-ylcarbonyl)piperidine-1-carboxylate

MS (ESI+, m/e) 591 (M+1)

Reference Example 381

tert-butyl 4-[{[5-(4-methoxybutyl)-1-phenyl-1H-1,2,
3-triazol-4-yl]carbonyl}(2-methylpropyl)amino]oc-
tahydroisoquinoline-2(1H)-carboxylate

N—N
N// cn
3
ya o
_N

MS (ESI+, m/e) 568 (M+1)
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Reference Example 382

1-tert-butyl 3-methyl (3R,58)-5-[ {[5-(4-methoxybu-
tyl)-1-phenyl-1H-1,2,3-triazol-4-yl|carbonyl}(2-
methylpropyl)amino|piperidine-1,3-dicarboxylate

N—N
i
N / /CH3
O
N OMe
Boc/
(0]

To a solution of 5-(4-methoxybutyl)-1-phenyl-1H-1,2,3-
triazole-4-carboxylic acid (2.75 g) i THF (50 ml) were
added thionyl chloride (0.876 ml) and DMF (5 drops), and the
mixture was heated under reflux with stirring for 2 hr. The
reaction mixture was cooled to room temperature, concen-
trated under reduced pressure, and the residue was azeotroped
with toluene (25 ml). The obtained residue was dissolved in
THF (10 ml), added to a solution of 1-tert-butyl 3-methyl
(3R,58)-5-[(2-methylpropyl)amino|piperidine-1,3-dicar-
boxylate (3.14 g) and diisopropylethylamine (5.2 g) in THF
(50 ml) and the mixture was stirred at room temperature for 2
hr. The reaction mixture was concentrated under reduced
pressure, diluted with water, and extracted with ethyl acetate
(50 ml). The extract was washed successively with 1M hydro-
chloric acid and saturated brine, and dried over anhydrous
magnesium sulfate. The solvent was evaporated under
reduced pressure. The residue was subjected to silica gel
column chromatography, and a fraction eluted with ethyl
acetate-hexane (5:95-50:50) was concentrated under reduced
pressure to give the object product (4.32 g).

MS (ESI+, m/e) 572 (M+1)

Reference Example 383
tert-butyl (3R,58)-3-(1-hydroxy-1-methylethyl)-5-[{

[5-(4-methoxybutyl)-1-phenyl-1H-1,2,3-triazol-4-yl1]
carbonyl}(2-methylpropyl)amino]piperidine-1-car-

boxylate
N—N
N// CH,
3
Vi o
N CH;
Boc/
CH;
OH
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A solution of 1-tert-butyl 3-methyl (3R,5S)-5-[{[5-(4-
methoxybutyl)-1-phenyl-1H-1,2,3-triazol-4-yl|carbonyl }(2-
methylpropyl)amino|piperidine-1,3-dicarboxylate (286 mg)
in THF (5 ml) was cooled to —40° C. Methylmagnesium
bromide (3M-diethyl ether solution, 1 ml) was added thereto
and the mixture was stirred at the same temperature for 30
min. Saturated aqueous ammonium chloride solution was
added to the reaction mixture, and the mixture was extracted
with ethyl acetate (10 mlx2). The extract was washed with
saturated brine, and dried over anhydrous sodium sulfate. The
solvent was evaporated under reduced pressure. The residue
was purified by silica gel column chromatography [eluent:
n-hexane-ethyl acetate (7:3—3:7)] to give the object product
(180 mg) as an amorphous compound.

MS (ESI+, m/e) 572 (M+1)

Reference Example 384

(3R,58)-1-(tert-butoxycarbonyl)-5-[ {[5-(4-methoxy-
butyl)-1-phenyl-1H-1,2,3-triazol-4-yl]carbonyl } (2-
methylpropyl)amino]piperidine-3-carboxylic acid

N—N
N// CH,
3
V4 e
Y N o
N OH
Boc/
(0]

To a solution of 1-tert-butyl 3-methyl (3R,5S)-5-[{[5-(4-
methoxybutyl)-1-phenyl-1H-1,2,3-triazol-4-yl|carbonyl }(2-
methylpropyl)amino|piperidine-1,3-dicarboxylate (1.715 g)
in methanol (10 ml) was added 4N aqueous sodium hydroxide
solution (10 ml), and the mixture was stirred at 65° C. for 30
min. The solvent was concentrated under reduced pressure,
and the residue was neutralized with 10% aqueous citric acid
solution. The mixture was extracted with ethyl acetate (20
mlx2) and the extract was dried over anhydrous sodium sul-
fate. The solvent was evaporated under reduced pressure to
give the object product (1.56 g) as an amorphous compound.

MS (ESI+, m/e) 558 (M+1)
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Reference Example 385

tert-butyl (3S,5R)-3-[{[5-(4-methoxybutyl)-1-phe-
nyl-1H-1,2,3-triazol-4-yl|carbonyl } (2-methylpropyl)
amino|-5-(pyrrolidin-1-ylcarbonyl)piperidine-1-car-
boxylate

A solution of (3R,5S)-1-(tert-butoxycarbonyl)-5-[{[5-(4-
methoxybutyl)-1-phenyl-1H-1,2,3-triazol-4-yl|carbonyl }(2-
methylpropyl)amino|piperidine-3-carboxylic acid (279 mg),
pyrrolidine (42 nl), WSC.HCI (144 mg), HOBt (107 mg),
diisopropylethylamine (255 pl) and DMF (3 ml) was stirred at
room temperature for 15 hr. The reaction mixture was poured
into saturated aqueous sodium hydrogen carbonate, and the
liberated oil was extracted with ethyl acetate (20 ml). The
extract was washed successively with water and saturated
brine, and dried over anhydrous magnesium sulfate. The sol-
vent was evaporated under reduced pressure. The residue was
subjected to silica gel column chromatography, and a fraction
eluted with ethyl acetate was concentrated under reduced
pressure to give the object product (245 mg) as an amorphous
compound.

MS (ESI+, m/e) 611 (M+1)

In the same manner as in Reference Example 385, the
following compounds (Reference Examples 386-387) were
obtained.

Reference Example 386
tert-butyl (3S,5R)-3-[{[5-(4-methoxybutyl)-1-phe-
nyl-1H-1,2,3-triazol-4-yl]carbonyl } (2-methylpropyl)

amino|-5-(piperidin-1-ylcarbonyl)piperidine-1-car-
boxylate

CH;

MS (ESI+, m/e) 625 (M+1)
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Reference Example 387

tert-butyl (3R,55)-3-(7-azabicyclo[2.2.1hept-7-yl-
carbonyl)-5-[{[5-(4-methoxybutyl)-1-phenyl-1H-1,2,
3-triazol-4-yl]carbonyl }(2-methylpropyl)amino]pip-
eridine-1-carboxylate

N—N
N// CH
s o 0
w/\N 0
BOC/QW/N
0

MS (ESI+, m/e) 637 (M+1)
Reference Example 388

tert-butyl (3S,5R)-3-[{[1-(2-chlorophenyl)-5-(4-
methoxybutyl)-1H-1,2,3-triazol-4-yl|carbonyl }(2-
methylpropyl)amino]-5-(morpholin-4-ylcarbonyl)
piperidine-1-carboxylate

DG

To a solution of 1-(2-chlorophenyl)-5-(4-methoxybutyl)-
1H-1,2,3-triazole-4-carboxylic acid (155 mg) in THF (5 ml)
were added thionyl chloride (0.11 ml) and DMF (1 drop), and
the mixture was heated under reflux with stirring for 2 hr. The
reaction mixture was cooled to room temperature, concen-
trated under reduced pressure, and the residue was azeotroped
with toluene (5 ml). The obtained residue was dissolved in
THF (5 ml), added to a solution of tert-butyl (3S,5R)-3-[(2-
methylpropyl)amino]-5-(morpholin-4-ylcarbonyl)piperi-
dine-1-carboxylate (185 mg) and diisopropylethylamine
(0.345 ml) in THF (5 ml) and the mixture was stirred at room
temperature for 2 hr. The reaction mixture was concentrated
under reduced pressure, diluted with water, and extracted
with ethyl acetate (10 ml). The extract was washed succes-
sively with 1M hydrochloric acid and saturated brine, and
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dried over anhydrous magnesium sulfate. The solvent was
evaporated under reduced pressure. The residue was sub-
jected to silica gel column chromatography, and a fraction
eluted with hexane-ethyl acetate (5:95-30:70) was concen-
trated under reduced pressure to give the object product (280
mg).

'"H-NMR (CDCl5) § 0.83-1.00 (6H, m), 1.43 (9H, s), 1.49-
1.55 (4H, m), 1.90-2.16 (2H, m), 2.47 (1H, br.s), 2.76-2.97
(5H,m),3.21-3.25 (6Hm), 3.36-3.44 (1H, m),3.61-3.73 (8H,
m), 4.23-4.28 (2H, m), 4.68 (1H, br.s), 7.42-7.65 (4H, m).

MS (ESI+, m/e) 662 (M+1)

Reference Example 389

tert-butyl (3S,5R)-3-[{[1-(2-fluorophenyl)-5-(4-
methoxybutyl)-1H-1,2,3-triazol-4-yl|carbonyl }(2-
methylpropyl)amino|-5-(morpholin-4-ylcarbonyl)
piperidine-1-carboxylate

(@]

To a solution of 1-(2-fluorophenyl)-5-(4-methoxybutyl)-
1H-1,2,3-triazole-4-carboxylic acid (1.61 g) in THF (20 ml)
were added thionyl chloride (1.2 ml) and DMF (5 drops), and
the mixture was heated under reflux with stirring for 2 hr. The
reaction mixture was cooled to room temperature, so concen-
trated under reduced pressure, and the residue was azeotroped
with toluene (20 ml). The obtained residue was dissolved in
THF (5 ml), added to a solution of tert-butyl (3S,5R)-3-[(2-
methylpropyl)amino]-5-(morpholin-4-ylcarbonyl)piperi-
dine-1-carboxylate (2.03 g) and diisopropylethylamine (3.9
ml) in THF (30 ml) and the mixture was stirred at room
temperature for 2 hr. The reaction mixture was concentrated
under reduced pressure, diluted with water, and extracted
with ethyl acetate (50 ml). The extract was washed succes-
sively with 1M hydrochloric acid and saturated brine, and
dried over anhydrous magnesium sulfate. The solvent was
evaporated under reduced pressure. The residue was sub-
jected to silica gel column chromatography, and a fraction
eluted with hexane-ethyl acetate (5:95-30:70) was concen-
trated under reduced pressure to give the object product (2.64

g).

'H-NMR (CDCl,) 8 0.84-0.99 (6H, m), 1.41 (9H, 5), 1.48-
1.55 (4H, m), 1.90-2.16 (2H, m), 2.44 (1H, br.s), 2.61-2.99
(5H,m), 3.20-3.28 (6Hm), 3.36-3.44 (1H, m),3.61-3.76 (8H,
m), 4.23 (2H, br.s), 4.66 (1H, br.s), 7.31-7.39 (2H, m), 7.42-
7.46 (1H, m), 7.56-7.63 (1H, m).

MS (ESI+, m/e) 645 (M+1)

In the same manner as in Reference Example 389, the
following compounds (Reference Examples 390-399) were
obtained.
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Reference Example 390 Reference Example 392

tert-butyl (3S,5R)-3-[{[1-(4-fluorophenyl)-5-(4-
methoxybutyl)-1H-1,2,3-triazol-4-yl|carbonyl }(2-
methylpropyl)amino|-5-(morpholin-4-ylcarbonyl)
piperidine-1-carboxylate

tert-butyl (3S,5R)-3-[{[1-(3-chlorophenyl)-5-(4-
methoxybutyl)-1H-1,2,3-triazol-4-yl|carbonyl }(2- 5
methylpropyl)amino]-5-(morpholin-4-ylcarbonyl)
piperidine-1-carboxylate

10

F
O
N—N
N// 7 CH /I/\I -
o 15
N Y O/CHs
N 0
Y\N 0
(\o 20
/N N\) (\O
Boc | Boc/N N\)
0

25

30

MS (ESL+, m/e) 662 (M+1) MS (ESI+, m/e) 645 (M+1)

Reference Example 393
35
Reference Example 391 tert-butyl (3S,5R)-3-[{[1 -(4-chlorophenyl)-5-(4-
methoxybutyl)-1H-1,2,3-triazol-4-yl|carbonyl }(2-
methylpropyl)amino|-5-(morpholin-4-ylcarbonyl)
tert-butyl (3 S, SR) -3 ({ 5 -(4 -methoxybutyl) -1-[3- piperidine- 1 -carboxy]ate
(trifluvoromethyl)phenyl]-1H-1,2,3-triazol-4- 40

yl}carbonyl)(2-methylpropyl)amino]-5-(morpholin-
4-ylcarbonyl)piperidine-1-carboxylate

£ £
Do e

65

MS (ESI+, m/e) 695 (M+1) MS (ESI+, m/e) 662 (M+1)
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Reference Example 394

tert-butyl (3S,5R)-3-[{[ 1-(3-fluorophenyl)-5-(4-
methoxybutyl)-1H-1,2,3-triazol-4-yl|carbonyl }(2-

methylpropyl)amino]-5-(morpholin-4-ylcarbonyl)
piperidine-1-carboxylate

MS (ESI+, m/e) 645 (M+1)
Reference Example 395

tert-butyl (3S,5R)-3-[{[1-(3,4-difluorophenyl)-5-(4-
methoxybutyl)-1H-1,2,3-triazol-4-yl|carbonyl }(2-
methylpropyl)amino]-5-(morpholin-4-ylcarbonyl)
piperidine-1-carboxylate

F
as
N—N
I
N Y O/CHs
YN 0
9
Boc/N N\)
(@]

MS (ESI+, m/e) 663 (M+1)
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Reference Example 396

tert-butyl (3S,5R)-3-[{[1-(2,3-difluorophenyl)-5-(4-
methoxybutyl)-1H-1,2,3-triazol-4-yl|carbonyl }(2-
methylpropyl)amino|-5-(morpholin-4-ylcarbonyl)
piperidine-1-carboxylate

S E F
N—N
i

%

N

N

N,
Boc/

F
CH;
[@]
&
N\)
[@]
MS (ESI+, m/e) 663 (M+1)

Reference Example 397

tert-butyl (3S,5R)-3-[{[1-(2,6-difluorophenyl)-5-(4-
methoxybutyl)-1H-1,2,3-triazol-4-yl|carbonyl }(2-
methylpropyl)amino|-5-(morpholin-4-ylcarbonyl)
piperidine-1-carboxylate

C

N—N F
I
N yZ O/CHs
W/\N 0
@
Boc/N N\)
(@]

MS (ESI+, m/e) 663 (M+1)
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Reference Example 398

tert-butyl (3S,5R)-3-[{[1-(3,5-difluorophenyl)-5-(4-
methoxybutyl)-1H-1,2,3-triazol-4-yl|carbonyl }(2-
methylpropyl)amino]-5-(morpholin-4-ylcarbonyl) 5
piperidine-1-carboxylate

F 10
F
Ne— N% 15
N// CH
s o 0
Y N o 20
(7
N N\)
Boc/ 25
(6]
30
MS (ESI+, m/e) 663 (M+1)
35
Reference Example 399
tert-butyl (3S,5R)-3-[(2-methylpropyl){[ 1-phenyl-5-
(2-phenylethyl)-1H-1,2,3-triazol-4-y1]
carbonyl }amino]-5-(morpholin-4-ylcarbonyl)piperi- 40
dine-1-carboxylate
; > 45
N—N
I\I/ﬁ\/\@ 50
S
w/\ N o
55
(7
N N
Boc/
Y 60
65

MS (ESI+, m/e) 645 (M+1)
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Reference Example 400

1-tert-butyl 3-methyl (3R,58)-5-[ {[5-(4-methoxybu-
ty])-1-(2-methylphenyl)-1H-1,2,3-triazol-4-yl|carbo-
nyl}(2-methylpropyl)aminoJpiperidine-1,3-dicar-

boxylate
H;C
N—N
N// CH
3
S o
N O
Boc”” cw,
O

To a solution of 5-(4-methoxybutyl)-1-(2-methylphenyl)-
1H-1,2,3-triazole-4-carboxylic acid (930 mg) in THF (10 ml)
were added thionyl chloride (0.7 ml) and DMF (1 drop), and
the mixture was heated under reflux with stirring for 2 hr. The
reaction mixture was cooled to room temperature, concen-
trated under reduced pressure, and the residue was azeotroped
with toluene (5 ml). The obtained residue was dissolved in
THF (1=ml), added to a solution of 1-tert-butyl 3-methyl
(3R,58)-5-[(2-methylpropyl)amino]piperidine-1,3-dicar-
boxylate (1.0 g) and diisopropylethylamine (2.2 ml) in THF
(10 ml) and the mixture was stirred at room temperature for 2
hr. The reaction mixture was concentrated under reduced
pressure, diluted with water, and extracted with ethyl acetate
(20 ml). The extract was washed successively with 1M hydro-
chloric acid and saturated brine, and dried over anhydrous
magnesium sulfate. The solvent was evaporated under
reduced pressure. The residue was subjected to silica gel
column chromatography, and a fraction eluted with ethyl
acetate-hexane (5:95-50:50) was concentrated under reduced
pressure to give the object product (1.47 g) as an oil.

MS (ESI+, m/e) 586 (M+1)

In the same manner as in Reference Example 400, the
following compounds (Reference Examples 401-405) were
obtained.
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Reference Example 401

1-tert-butyl 3-methyl (3R,58)-5-[{[5-(4-methoxybu-
ty])-1-(3-methylphenyl)-1H-1,2,3-triazol-4-yl|carbo-
nyl}(2-methylpropyl)amino]piperidine-1,3-dicar-

boxylate
CH;
N—N
N// CH
3
Va o
N O
Boc”” cH;
O

MS (ESI+, m/e) 586 (M+1)
Reference Example 402
1-tert-butyl 3-methyl (3R,58)-5-[{[5-(4-methoxybu-

tyl)-1-(4-methylphenyl)-1H-1,2,3-triazol-4-yl|carbo-
nyl}(2-methylpropyl)amino]piperidine-1,3-dicar-

boxylate
CH;
N—N
N// CH
3
S o
N O
Boc”” cH;
O

MS (ESI+, m/e) 586 (M+1)
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Reference Example 403

1-tert-butyl 3-methyl (3R,58)-5-[ {[5-(4-methoxybu-
ty])-1-(2-methoxyphenyl)-1H-1,2,3-triazol-4-yl|car-

bonyl}(2-methylpropyl)amino]piperidine-1,3-dicar-
boxylate

o,
Y o

MS (ESI+, m/e) 602 (M+1)
Reference Example 404

1-tert-butyl 3-methyl (3R,58)-5-[ {[5-(4-methoxybu-
ty])-1-(3-methoxyphenyl)-1H-1,2,3-triazol-4-yl|car-
bonyl}(2-methylpropyl)amino]piperidine-1,3-dicar-

boxylate
CH;
/
O
N—N
N// CH
3
Va o~
Y N o
N O
Boc”” cn,
O

MS (ESI+, m/e) 602 (M+1)
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Reference Example 405 MS (ESI+, m/e) 572 (M+1)

In the same manner as in Reference Example 406, the

L-tert-butyl 3-methyl (3R.55)-5-[{| 5-(4-methoxybu- following compounds (Reference Examples 407-411) were

tyl)-1-(4-methoxyphenyl)-1H-1,2,3-triazol-4-yl|car-

bonyl}(2-methylpropyl)amino]piperidine-1,3-dicar- obtained.
boxylate
Reference Example 407
O—CH; 10 (3R,58)-1-(tert-butoxycarbonyl)-5-[ {[5-(4-methoxy-
butyl)-1-(3-methylphenyl)-1H-1,2,3-triazol-4-yl1]
carbonyl}(2-methylpropyl)amino]piperidine-3-car-
boxylic acid
N—N 15

i
N Y o _CHz
CH;
N @]

20
N—N

N// CH
! N A o
Boc”” e, 5
o) \(\ N 0
MS (ESI+, m/e) 602 (M+1)
N OH
Reference Example 406 >0 Boc”
(3R,58)-1-(tert-butoxycarbonyl)-5-[ {[5-(4-methoxy- 0
butyl)-1-(2-methylphenyl)-1H-1,2,3-triazol-4-yl]
carbonyl}(2-methylpropyl)amino]piperidine-3-car- 35 MS (BSI+, mle) 572 (M+1)
boxylic acid ’
Reference Example 408
jive 40 (3R,58)-1-(tert-butoxycarbonyl)-5-[ {[5-(4-methoxy-
butyl)-1-(4-methylphenyl)-1H-1,2,3-triazol-4-yl]
carbonyl}(2-methylpropyl)amino]piperidine-3-car-
/I/\I_N boxylic acid
N CH. 45
A o
CH;,
W/\ N 0
50
N OH
Boc/ /I/\T—N
o 55 NG e CHs
To a solution of 1-tert-butyl 3-methyl (3R,5S)-5-[{[5-(4-
methoxybutyl)-1-(2-methylphenyl)-1H-1,2,3-triazol-4-y1] N O
carbonyl}(2-methylpropyl)amino]piperidine-1,3-dicarboxy-
late (1.47 g) in methanol (10 ml) was added 4N aqueous 60
sodium hydroxide solution (5 ml), and the mixture was stirred
at 50° C. for 30 min. The solvent was concentrated under N OH
reduced pressure, and the residue was neutralized with 10% Boc
aqueous citric acid solution, extracted with ethyl acetate (30 §)

mlx2) and the extract was dried over anhydrous sodium sul- 65
fate. The solvent was evaporated under reduced pressure to
give the object product (1.3 g) as an amorphous compound. MS (ESI+, m/e) 572 (M+1)
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Reference Example 409

(3R,58)-1-(tert-butoxycarbonyl)-5-[ {[5-(4-methoxy-
butyl)-1-(2-methoxyphenyl)-1H-1,2,3-triazol-4-yl]
carbonyl}(2-methylpropyl)amino]piperidine-3-car-

boxylic acid

H3C
\
(¢]
N—N
N// CH.
3
V4 o
W/\ N o
N OH
Boc/
(0]

MS (ESI+, m/e) 588 (M+1)
Reference Example 410

(3R,58)-1-(tert-butoxycarbonyl)-5-[ {[5-(4-methoxy-
butyl)-1-(3-methoxyphenyl)-1H-1,2,3-triazol-4-yl]
carbonyl}(2-methylpropyl)amino]piperidine-3-car-

boxylic acid

CH;
/
(0]
N—N
N// CH,
3
V 0"
W/\ N o
N OH
Boc/
(0]

MS (ESI+, m/e) 588 (M+1)
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Reference Example 411

(3R,58)-1-(tert-butoxycarbonyl)-5-[ {[5-(4-methoxy-
butyl)-1-(4-methoxyphenyl)-1H-1,2,3-triazol-4-yl]
carbonyl}(2-methylpropyl)amino]piperidine-3-car-

boxylic acid

O—CH;3;
MS (ESI+, m/e) 588 (M+1)

Reference Example 412

tert-butyl (3S,5R)-3-[{[5-(4-methoxybutyl)-1-(2-

methylphenyl)-1H-1,2,3-triazol-4-yl]carbonyl}(2-

methylpropyl)amino|-5-(morpholin-4-ylcarbonyl)
piperidine-1-carboxylate

A solution of (3R,5S)-1-(tert-butoxycarbonyl)-5-[{[5-(4-
methoxybutyl)-1-(2-methylphenyl)-1H-1,2,3-triazol-4-y1]
carbonyl}(2-methylpropyl)amino]piperidine-3-carboxylic
acid (286 mg), morpholine (44 pl), WSC.HCI (144 mg),
HOBt (107 mg), diisopropylethylamine (255 pl) and DMF (3
ml) was stirred at room temperature for 15 hr. The reaction
mixture was poured into saturated aqueous sodium hydrogen
carbonate, and the liberated oil was extracted with ethyl
acetate (20 ml). The extract was washed successively with
water and saturated brine, and dried over anhydrous magne-
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sium sulfate. The solvent was evaporated under reduced pres- Reference Example 415
sure. The residue was subjected to silica gel column chroma-
tography, and a fraction eluted with ethyl acetate was : A I8 (A 1
concentrated under reduced pressure to give the object prod- nfzglf)?tyilgisﬁﬁ%{?l[é[g _t(éazl;tio_xﬁzzﬁggnl 1(}2(2_
uct (255 mg) as an amorphous compound. 5 ypheny i y Y

methylpropyl)amino|-5-(morpholin-4-ylcarbonyl)

MS (ESI+, m/e) 641 (M+1) piperidine-1-carboxylate

In the same manner as in Reference Example 412, the
following compounds (Reference Examples 413-417) were
obtained.

10 H;C
Reference Example 413 :

O/

tert-butyl (3S,5R)-3-[{[5-(4-methoxybutyl)-1-(3-
methylphenyl)-1H-1,2,3-triazol-4-yl]carbonyl } (3-
methylpropyl)amino]-5-(morpholin-4-ylcarbonyl) 15

piperidine-1-carboxylate
. w/\

QCH3
N—N
N// CH
25
y o
W/\N 0
30
(Y
N N\)
Bec” MS (BSI+, m/e) 657 (M+1)
0

35 Reference Example 416

ZQZ

cn,
ya o”

MS (EST+, m/e) 641 (M+1) tert-butyl (3S,5R)-3-[{[5-(4-methoxybutyl)-1-(3-
methoxyphenyl)-1H-1,2,3-triazol-4-y1]carbonyl}(2-
methylpropyl)amino|-5-(morpholin-4-ylcarbonyl)
piperidine-1-carboxylate

Reference Example 414
40
tert-butyl (3S,5R)-3-[{[5-(4-methoxybutyl)-1-(4-
methylphenyl)-1H-1,2,3-triazol-4-yl]carbonyl } (4-
methylpropyl)amino]-5-(morpholin-4-ylcarbonyl)
piperidine-1-carboxylate
45

CH;
O
(@]

N—N

i
50 N P O/CHs
\(\N 5

H; 55
®
r\/\/\ Boc/@W/N\)
(@]

65

MS (ESI+, m/e) 641 (M+1) MS (ESI+, m/e) 657 (M+1)
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Reference Example 417

tert-butyl (3S,5R)-3-[{[5-(4-methoxybutyl)-1-(4-
methoxyphenyl)-1H-1,2,3-triazol-4-yl]carbonyl}(2-
methylpropyl)amino]-5-(morpholin-4-ylcarbonyl)
piperidine-1-carboxylate

O—CH;

£

MS (ESI+, m/e) 657 (M+1)
Reference Example 418

1-tert-butyl 3-[(5-methyl-2-oxo0-1,3-dioxol-4-yl)me-
thyl](3R,5S)-5-[ {[5-(4-methoxybutyl)-1-(2-meth-
ylphenyl)-1H-1,2,3-triazol-4-yl|carbonyl}(2-methyl-
propyl)amino|piperidine-1,3-dicarboxylate

To a solution of (3R,5S)-1-(tert-butoxycarbonyl)-5-[{[5-
(4-methoxybutyl)-1-(2-methylphenyl)-1H-1,2,3-triazol-4-
yl]carbonyl}(2-methylpropyl)amino]piperidine-3-carboxy-
lic acid (286 mg) and 4-(hydroxymethyl)-5-methyl-1,3-
dioxol-2-one (78 mg) in DMA (5 ml) were added
toluenesulfonyl chloride (64 mg), DMAP (12 mg) and potas-
sium carbonate (90 mg) under ice-cooling, and the mixture
was stirred at 0° C. for 6 hr and at room temperature for 15 hr.
The reaction mixture was poured into ice-cooled 5% aqueous
citric acid (10 ml), and the liberated oil was extracted with
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ethyl acetate (20 ml). The extract was washed with brine, and
dried over anhydrous sodium sulfate. The solvent was evapo-
rated under reduced pressure. The residue was subjected to
silica gel column chromatography, and a fraction eluted with
hexane-ethyl acetate (50:50) was concentrated under reduced
pressure to give the object product (210 mg) as an amorphous
compound.

MS (ESI+, m/e) 684 (M+1)

In the same manner as in Example 2, the following com-
pounds (Examples 207-230) were obtained.

Example 207

S-acetyl-1-(4-methoxybutyl)-N-(2-methylpropyl)-N-
[(3S,5R)-5-(morpholin-4-ylcarbonyl)piperidin-3-yl]-
1H-pyrrole-2-carboxamide hydrochloride

;G

MS (ESI+, m/e) 517 (M+1)

Example 208

N-(decahydroisoquinolin-4-y1)-5-(4-methoxybutyl)-
N-(2-methylpropyl)-1-phenyl-1H-1,2.3-triazole-4-
carboxamide hydrochloride

N—N
/i
N _# O/CH3

MS (ESI+, m/e) 468 (M+1)
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Example 209

methyl (3R,58)-5-[{[5-(4-methoxybutyl)-1-phenyl-
1H-1,2,3-triazol-4-yl]carbonyl} (2-methylpropyl)
amino|piperidine-3-carboxylate hydrochloride

N—N
N// cn
3
Va o~
N 0
el
N OMe
0

MS (ESI+, m/e) 472 (M+1)

Example 210

N-[(3S,5R)-5-(1-hydroxy-1-methylethyl)piperidin-3-
y1]-5-(4-methoxybutyl)-N-(2-methylpropyl)-1-phe-
nyl-1H-1,2,3-triazole-4-carboxamide hydrochloride

N—N
N// cn
3
ya o
N 0
el
N o,
cH;
oH

MS (ESI+, m/e) 472 (M+1)
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Example 211

5-(4-methoxybutyl)-N-(2-methylpropyl)-1-phenyl-
N-[(3S,5R)-5-(piperidin-1-ylcarbonyl)piperidin-3-
yl]-1H-1,2,3-triazole-4-carboxamide hydrochloride

N (6]
HCl

MS (ESI+, m/e) 525 (M+1)
Example 212

N-[(3S,5R)-5-(7-azabicyclo|2.2.1 hept-7-ylcarbonyl)
piperidin-3-yl]-5-(4-methoxybutyl)-N-(2-methylpro-
pyl)-1-phenyl-1H-1,2,3-triazole-4-carboxamide
hydrochloride

e

i

MS (ESI+, m/e) 537 (M+1)
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Example 213 Example 215
1-(3-chlorophenyl)-5 -(4-methoxyb}ltyl)-N-(Z-meth- 1-(4-fluorophenyl)-5-(4-methoxybutyl)-N-(2-meth-
ylpropy!)-N-[(3S,5R)-5-(m9rp hohn-4-ylcarb01}yl) 5 ylpropyl)-N-[(38,5R)-5-(morpholin-4-ylcarbonyl)
piperidin-3-yl]-1H-1,2,3-triazole-4-carboxamide S . .
hvdrachlorid piperidin-3-yl]-1H-1,2,3-triazole-4-carboxamide
yarochionide hydrochloride

10

as
N—N
N// CH B Q
S o N—N
N// CH
W/\N o / O/
HCI 20
(\o Y\N o}
\) HCl
HN N
o
0 » (')W/ \)

HN N
(6]
30
MS (ESI+, m/e) 562 (M+1)
Example 214 35 MS (BSI+, m/e) 595 (M+1)
5-(4-methoxybutyl)-N-(2-methylpropyl)-N-[(3S,5R)- Example 216

5-(morpholin-4-ylcarbonyl)piperidin-3-y1]-1-[3-(trif-
luoromethyl)phenyl]-1H-1,2,3-triazole-4-carboxam-
ide hydrochloride 40 1-(4-chlorophenyl)-5-(4-methoxybutyl)-N-(2-meth-
ylpropyl)-N-[(3S,5R)-5-(morpholin-4-ylcarbonyl)
piperidin-3-yl]-1H-1,2,3-triazole-4-carboxamide
hydrochloride

45

as
YﬁM o Q

e
@YNO

65

MS (ESI+, m/e) 595 (M+1) MS (ESI+, m/e) 562 (M+1)
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Example 217

1-(3-fluorophenyl)-5-(4-methoxybutyl)-N-(2-meth-
ylpropyl)-N-[(3S,5R)-5-(morpholin-4-ylcarbonyl)
piperidin-3-yl]-1H-1,2,3-triazole-4-carboxamide
hydrochloride

MS (ESI+, m/e) 545 (M+1)
Example 218
1-(3,4-difluorophenyl)-5-(4-methoxybutyl)-N-(2-
methylpropyl)-N-[(3S,5R)-5-(morpholin-4-ylcarbo-

nyl)piperidin-3-yl]-1H-1,2,3-triazole-4-carboxamide
hydrochloride

F
as
N—N
/]
Nﬁ\/\/\o/ CH;
Y N O HCl

9
HN N\)

e}

MS (ESI+, m/e) 563 (M+1)
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Example 219

(3R,58)-5-[{[5-(4-methoxybutyl)-1-phenyl-1H-1,2,
3-triazol-4-yl]carbonyl}(2-methylpropyl)amino]pip-
eridine-3-carboxylic acid hydrochloride

N—N
N// CH
3
Y o
\(\N 0 HCI
HN OH
o

MS (ESI+, m/e) 458 (M+1)
Example 220

5-(4-methoxybutyl)-1-(3-methylphenyl)-N-(2-meth-
ylpropyl)-N-[(3S,5R)-5-(morpholin-4-ylcarbonyl)
piperidin-3-yl]-1H-1,2,3-triazole-4-carboxamide
hydrochloride

N—N
I
NG
N

C

CH;
CH;
0"
Y 0 HCl
[
HN N\)

e}

MS (ESI+, m/e) 541 (M+1)



US 9,221,836 B2

433
Example 221

5-(4-methoxybutyl)-1-(4-methylphenyl)-N-(2-meth-
ylpropyl)-N-[(3S,5R)-5-(morpholin-4-ylcarbonyl)

piperidin-3-yl]-1H-1,2,3-triazole-4-carboxamide
hydrochloride

CH;
N—N
Vi
N yZ o _CH;
Y\N 0 HCl
@
HN N\)
0

MS (ESI+, m/e) 541 (M+1)
Example 222
5-(4-methoxybutyl)-1-(2-methoxyphenyl)-N-(2-me-
thylpropyl)-N-[(3S,5R)-5-(morpholin-4-ylcarbonyl)

piperidin-3-yl]-1H-1,2,3-triazole-4-carboxamide
hydrochloride

Y\N HCl

MS (ESI+, m/e) 557 (M+1)
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Example 223

5-(4-methoxybutyl)-1-(3-methoxyphenyl)-N-(2-me-
thylpropyl)-N-[ (3S,5R)-5-(morpholin-4-ylcarbonyl)
piperidin-3-yl]-1H-1,2,3-triazole-4-carboxamide
hydrochloride

CH;
O
o
N—N
i
N/ 5 _CH
w/\N 0 HCI
9
HN N\)
0

MS (ESI+, m/e) 557 (M+1)
Example 224

5-(4-methoxybutyl)-1-(4-methoxyphenyl)-N-(2-me-
thylpropyl)-N-[ (3S,5R)-5-(morpholin-4-ylcarbonyl)
piperidin-3-yl]-1H-1,2,3-triazole-4-carboxamide
hydrochloride

géi

MS (ESI+, m/e) 557 (M+1)
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Example 225

1-(2,3-difluorophenyl)-5-(4-methoxybutyl)-N-(2-
methylpropyl)-N-[(3S,5R)-5-(morpholin-4-ylcarbo-
nyl)piperidin-3-yl]-1H-1,2,3-triazole-4-carboxamide
hydrochloride

e
N—N F
Vi
N yZ o _CH;
Y\N 0 HCI
@
HN N\)
0

MS (ESI+, m/e) 563 (M+1)
Example 226

1-(2,6-difluorophenyl)-5-(4-methoxybutyl)-N-(2-
methylpropyl)-N-[(3S,5R)-5-(morpholin-4-ylcarbo-
nyl)piperidin-3-yl]-1H-1,2,3-triazole-4-carboxamide
hydrochloride

YN Hel

MS (ESI+, m/e) 563 (M+1)
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Example 227

1-(3,5-difluorophenyl)-5-(4-methoxybutyl)-N-(2-
methylpropyl)-N-[(3S,5R)-5-(morpholin-4-ylcarbo-

Ilyl i eridin-3-yl -lH-l,2,3-triazole-4-carb0xamide
hydrochloride

E
-
N—N
I
\(\N 0] HCI
Y
HN N\)
O

MS (ESI+, m/e) 563 (M+1)
Example 228
N-(2-methylpropyl)-N-[(3S,5R)-5-(morpholin-4-
ylcarbonyl)piperidin-3-yl]-1-phenyl-5-(2-phenyl-

ethyl)-1H-1,2,3-triazole-4-carboxamide hydrochlo-
ride

&
i

MS (ESI+, m/e) 545 (M+1)
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Example 229

(3R,58)-5-[{[5-(4-methoxybutyl)-1-(2-methylphe-
nyl)-1H-1,2,3-triazol-4-yl|carbonyl } (2-methylpro-
pylamino|piperidine-3-carboxylic acid hydrochlo-

ride
H,C
N—N

N// cH

3
Y o~
W/\N 0 el
N on
0

MS (ESI+, m/e) 472 (M+1)
Example 230

(5-methyl-2-0%x0-1,3-dioxol-4-yl)methyl (3R,5S)-5-
[{[5-(4-methoxybutyl)-1-(2-methylphenyl)-1H-1,2,
3-triazol-4-yl]carbonyl }(2-methylpropyl)amino]pip-
eridine-3-carboxylate hydrochloride

H;C
N—N
N// CH.
3
i e
HCl
w/\N o
O
A
O
HN. O S
CH
0 3

MS (ESI+, m/e) 584 (M+1)
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Example 231

5-(4-methoxybutyl)-N-(2-methylpropyl)-N-[(3S,5R)-
5-(morpholin-4-ylcarbonyl)piperidin-3-yl]-1-phenyl-
1H-1,2,3-triazole-4-carboxamide hydrochloride

N—N
/i
Nﬁ\/\/\o/ CH;
W/\N O HCI
@
HN N\)

e}

tert-Butyl  (3S,5R)-3-[{[5-(4-methoxybutyl)-1-phenyl-
1H-1,2,3-triazol-4-yl]carbonyl}(2-methylpropyl)amino]-5-
(morpholin-4-ylcarbonyl)piperidine-1-carboxylate (235 mg)
was dissolved in ethyl acetate (0.5 ml), 4N hydrogen chlo-
ride-ethyl acetate solution (0.5 ml) was added, and the mix-
ture was stirred at room temperature for 1 hr. The solvent was
evaporated under reduced pressure, and the residue was dried
under reduced pressure to give the object product (200 mg).

MS (ESI+, m/e) 527 (M+1)

'H-NMR (DMSO-d,) 8 0.80-0.85 (3H, m), 0.90-0.95 (3H,
m), 1.36 (4H, brs), 1.98-2.48 (3H, m), 2.79-3.08 (1H, t), 3.10
(3H, 5),3.10-3.15 (2H, m), 3.24-3.37 (6H, m), 3.52-3.62 (8H,
m), 4.19-4.66 (1H, m), 7.61-7.66 (SH, m), 9.69 (2H, brs).

Example 232
5-(4-methoxybutyl)-N-(2-methylpropyl)-1-phenyl-

N-[(3S,5R)-5-(pyrrolidin-1-ylcarbonyl)piperidin-3-
yl]-1H-1,2,3-triazole-4-carboxamide hydrochloride

CH;

e}

tert-Butyl  (3S,5R)-3-[{[5-(4-methoxybutyl)-1-phenyl-
1H-1,2,3-triazol-4-yl]carbonyl}(2-methylpropyl)amino]-5-
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(pyrrolidin-1-ylcarbonyl)piperidine-1-carboxylate (245 mg)
was dissolved in ethyl acetate (0.5 ml), 4N hydrogen chlo-
ride-ethyl acetate solution (0.5 ml) was added, and the mix-
ture was stirred at room temperature for 1 hr. The solvent was
evaporated under reduced pressure, and the residue was dried
under reduced pressure to give the object product (205 mg).

MS (ESI+, m/e) 527 (M+1)

'H-NMR (DMSO-dg) 8 0.80-0.85 (3H, m), 0.90-0.95 (3H,
m), 1.36 (4H, br s), 1.76-1.82 (2H, m), 1.87-1.98 (4H, m),
2.02-2.13 (2H, m), 2.79-2.84 (2H, m), 2.90-2.97 (1H, m),
3.10 (3H, s), 3.13 (2H, t), 3.27-3.34 (6H, m), 3.47-3.66 (3H,
m), 4.20-4.63 (1H, m), 7.61-7.66 (5H, m), 9.69 (2H, br s).

Example 233

1-(2-fluorophenyl)-5-(4-methoxybutyl)-N-(2-meth-
ylpropyl)-N-[(3S,5R)-5-(morpholin-4-ylcarbonyl)
piperidin-3-yl]-1H-1,2,3-triazole-4-carboxamide
hydrochloride

N A 5 _CH;

HCl

tert-Butyl  (3S,5R)-3-[{[1-(2-fluorophenyl)-5-(4-meth-
oxybutyl)-1H-1,2,3-triazol-4-yl]carbonyl } (2-methylpropyl)
amino |-5-(morpholin-4-ylcarbonyl)piperidine- 1 -carboxy-
late (85 mg) was dissolved in ethyl acetate (0.5 ml), 4N
hydrogen chloride-ethyl acetate solution (0.5 ml) was added,
and the mixture was stirred at room temperature for 1 hr. The
solvent was evaporated under reduced pressure, and the resi-
due was dried under reduced pressure to give the object prod-
uct (70 mg).

MS (ESI+, m/e) 545 (M+1)

'H-NMR (DMSO-d) 8 0.78-0.85 (3H, m), 0.90-0.95 (3H,
m), 1.36 (4H, br s), 1.99-2.46 (3H, m), 2.71 (2H, br s), 2.95
(1H,1),3.09-3.13 (5H, m), 3.23-3.33 (6H, m), 3.51-3.65 (8H,
m), 4.20-4.63 (1H, m), 7.51 (1H, v), 7.63 (1H, t), 7.73-7.87
(2H, m), 9.62 (2H, br s).
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Example 234

5-(4-methoxybutyl)-1-(2-methylphenyl)-N-(2-meth-
ylpropyl)-N-[(3S,5R)-5-(morpholin-4-ylcarbonyl)
piperidin-3-yl]-1H-1,2,3-triazole-4-carboxamide
hydrochloride

H;C

©

—N

ya o

Y\N 0 HCl

¢}

Z§Z

CH;

tert-Butyl  (3S,5R)-3-[{[5-(4-methoxybutyl)-1-(2-meth-
ylphenyl)-1H-1,2,3-triazol-4-yl|carbonyl } (2-methylpropyl)
amino]-5-(morpholin-4-ylcarbonyl)piperidine- 1-carboxy-
late (255 mg) was dissolved in ethyl acetate (0.5 ml), 4N
hydrogen chloride-ethyl acetate solution (0.5 ml) was added,
and the mixture was stirred at room temperature for 1 hr. The
solvent was evaporated under reduced pressure, and the resi-
due was dried under reduced pressure to give the object prod-
uct (220 mg).

MS (ESI+, m/e) 541 (M+1)

'"H-NMR (DMSO-dy) 8 0.79-0.85 (3H, m), 0.90-0.95 (3H,
m), 1.33 (4H, br s), 1.93-2.14 (6H, m), 2.62 (2H, br s),
2.88-3.03 (1H, m), 3.08-3.12 (5H, m), 3.22-3.45 (6H, m),
3.50-3.67 (8H, m), 4.22-4.66 (1H, m), 7.44-7.58 (4H, m),
9.76 (2H, br s).

Example 235
1-(2-chlorophenyl)-5-(4-methoxybutyl)-N-(2-meth-
ylpropyl)-N-[(3S,5R)-5-(morpholin-4-ylcarbonyl)

piperidin-3-yl]-1H-1,2,3-triazole-4-carboxamide
hydrochloride

CH;

W/\N o HOl

¢}
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tert-Butyl  (3S,5R)-3-[{[1-(2-chlorophenyl)-5-(4-meth-
oxybutyl)-1H-1,2,3-triazol-4-yl]carbonyl } (2-methylpropyl)
amino |-5-(morpholin-4-ylcarbonyl)piperidine- 1 -carboxy-
late (280 mg) was dissolved in ethyl acetate (0.5 ml), 4N
hydrogen chloride-ethyl acetate solution (0.5 ml) was added,
and the mixture was stirred at room temperature for 1 hr. The
solvent was evaporated under reduced pressure, and the resi-
due was dried under reduced pressure to give the object prod-
uct (245 mg).

MS (ESI+, m/e) 562 (M+1)

'H-NMR (DMSO-dg) 8 0.82-0.85 (3H, m), 0.90-0.97 (3H,
m), 1.41 (4H, br s), 1.98-2.17 (3H, m), 2.68 (2H, br s),
2.95-3.07 (1H, m), 3.13 (3H, s), 3.16 (2H, t), 3.27-3.43 (6H,
m), 3.55-3.64 (8H, m), 4.28-4.71 (1H, m), 7.69 (1H, t), 7.75-
7.82 (2H, m), 7.87 (1H, d), 9.67 (2H, br s).

In the same manner as in the method shown in Reference
Example 149, the following compound (Reference Example
419) was obtained.

Reference Example 419

tert-butyl (3S,5R)-3-[{[5-(4-methoxybutyl)-1-phe-
nyl-1H-1,2,3-triazol-4-yl]carbonyl }(2-methylpropyl)
amino]-5-[methoxy(methyl)carbamoyl|piperidine-1-

carboxylate
N—N /
/ ©

N,

N
XOTN O N

MS (ESI+, m/e) 601 (M+1)
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Reference Example 420

tert-butyl (3R,58)-3-amino-5-[ {[5-(4-methoxybutyl)-
1-phenyl-1H-1,2,3-triazol-4-yl|carbonyl} (2-methyl-
propyl)amino|piperidine-1-carboxylate

><o N
o

(6]

(3R,55)-1-(tert-Butoxycarbonyl)-5-[ {[ 5-(4-methoxybu-
tyl)-1-phenyl-1H-1,2,3-triazol-4-yl|carbonyl}(2-methylpro-
pyDamino]piperidine-3-carboxylic acid (250 mg) was dis-
solved in toluene (5 ml), diphenylphosphoryl azide (0.15 ml)
and triethylamine (94 pl) were added and the mixture was
stirred at 100° C. for 2 hr. The reaction mixture was cooled to
room temperature, 8M aqueous sodium hydroxide solution
(0.56 ml) was added and the mixture was stirred at room
temperature for 1 hr. The reaction mixture was diluted with
saturated aqueous sodium hydrogen carbonate and the mix-
ture was extracted twice with ethyl acetate. The extract was
dried over anhydrous sodium sulfate and the solvent was
evaporated under reduced pressure. The residue was sub-
jected to basic silica gel column chromatography, and a frac-
tion eluted with ethyl acetate-hexane (1:1-1:0) and ethyl
acetate-methanol (10:1) was concentrated under reduced

pressure to give the object product (155 mg).
MS (ESI+, m/e) 529 (M+1)

Example 236
5-(4-methoxybutyl)-N-[(3S,5R)-5-(5-methyl-1,3,4-

oxadiazol-2-yl)piperidin-3-y1]-N-(2-methylpropyl)-
1-phenyl-1H-1,2,3-triazole-4-carboxamide 0.5 fuma-

rate

N—N /

// (@)

N
\(\ N o) ( HOZC\/\COZH )
HN 0
)

N
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(3R,58)-1-(tert-Butoxycarbonyl)-5-[ {[ 5-(4-methoxybu-
tyl)-1-phenyl-1H-1,2,3-triazol-4-yl|carbonyl}(2-methylpro-
pyDamino|piperidine-3-carboxylic acid (200 mg) was dis-
solved in toluene (5 ml), 5-methyl-1H-tetrazole (36 mg) and
N,N'-dicyclohexylcarbodiimide (96 mg) were added and the
mixture was stirred at 80° C. for 15 hr. Water was added to the
reaction mixture, and the mixture was extracted with ethyl
acetate. The extract was washed with saturated brine, and
dried over anhydrous sodium sulfate. The solvent was evapo-
rated under reduced pressure. The residue was subjected to
silica gel column chromatography, and a fraction eluted with
ethyl acetate-hexane (1:3-1:1) was concentrated under
reduced pressure. The residue was dissolved in toluene (1
ml), trifluoroacetic acid (1 ml) was added and the mixture was
stirred at room temperature for 1 hr. The reaction mixture was
concentrated under reduced pressure, basified with saturated
aqueous sodium hydrogen carbonate, and the mixture was
extracted twice with ethyl acetate. The extract was dried over
anhydrous sodium sulfate and the solvent was evaporated
under reduced pressure. The residue was dissolved in metha-
nol (1 ml), fumaric acid (12 mg) was added and the mixture
was concentrated under reduced pressure to give the object
product (85 mg).
MS (ESI+, m/e) 496 (M+1)

Reference Example 421

tert-butyl (3R,58)-3-acetyl-5-[ {[5-(4-methoxybutyl)-
1-phenyl-1H-1,2,3-triazol-4-yl]carbonyl}(2-methyl-
propyl)amino|piperidine-1-carboxylate

N—N
// ©
NS

e
XW@T

tert-Butyl  (3S,5R)-3-[{[5-(4-methoxybutyl)-1-phenyl-
1H-1,2,3-triazol-4-yl]carbonyl }(2-methylpropyl)amino]-5-
[methoxy(methyl) carbamoyl]piperidine-1-carboxylate (230
mg) was dissolved in THF (5 ml), a 1M solution (1.9 ml) of
methylmagnesium bromide in THF was added at 0° C., and
the mixture was stirred at room temperature for 2 hr. Satu-
rated aqueous ammonium chloride solution was added to the
reaction mixture, and the mixture was extracted with ethyl
acetate. The extract was washed with water and saturated
brine, and dried over anhydrous sodium sulfate. The solvent
was evaporated under reduced pressure. The residue was
subjected to silica gel column chromatography, and a fraction
eluted with ethyl acetate-hexane (1:5-1:2) was concentrated
under reduced pressure to give the object product (177 mg).

MS (ESI+, m/e) 556 (M+1)

In the same manner as in the method shown in Example 60,
the following compound (Example 237) was obtained.
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Example 237
N-[(3S,5R)-5-acetylpiperidin-3-yl]-5-(4-methoxybu-

ty])-N-(2-methylpropyl)-1-phenyl-1H-1,2,3-triazole-
4-carboxamide hydrochloride

N—N
/ o
N A
YN 0
HCl
HN
0

MS (ESI+, m/e) 456 (M+1)
Reference Example 422

tert-butyl (3'R,5'S)-5"-[{[5-(4-methoxybutyl)-1-phe-
nyl-1H-1,2,3-triazol-4-yl]carbonyl } (2-methylpropyl)
amino]-2-0x0-1,3'-bipiperidine-1'-carboxylate

><O\([)]/N

tert-Butyl  (3R,58)-3-amino-5-[{[5-(4-methoxybutyl)-1-
phenyl-1H-1,2 3-triazol-4-yl]carbonyl }(2-methylpropyl)
amino|piperidine-1-carboxylate (150 mg) was dissolved in
THF (3 ml), diisopropylethylamine (74 pl) and 5-bromov-
aleryl chloride (42 pl) were added at 0° C. and the mixture was
stirred at 0° C. for 1 hr. The reaction mixture was diluted with
water, and the mixture was extracted with ethyl acetate. The
extract was washed with saturated brine, dried over anhy-
drous sodium sulfate, and concentrated under reduced pres-
sure. The residue was dissolved in THF (10 ml), potassium
tert-butoxide (96 mg) was added at 0° C. and the mixture was
stirred at room temperature for 1 hr. The reaction mixture was
concentrated under reduced pressure, the residue was diluted
with water, and the mixture was extracted with ethyl acetate.



US 9,221,836 B2

445

The extract was washed with saturated brine, dried over anhy-
drous sodium sulfate, and concentrated under reduced pres-
sure. The obtained residue was subjected to silica gel chro-
matography, and a fraction eluted with ethyl acetate-hexane
(1:3-1:0) was concentrated under reduced pressure to give the
object product (150 mg).

MS (ESI+, m/e) 611 (M+1)

In the same manner as in the method shown in Reference
Example 422, the {following compounds (Reference
Examples 423-424) were obtained.

Reference Example 423

tert-butyl (3S,5R)-3-[{[5-(4-methoxybutyl)-1-phe-
nyl-1H-1,2,3-triazol-4-yl]carbonyl }(2-methylpropyl)
amino]-5-(2-oxopyrrolidin-1-yl)piperidine-1-car-
boxylate

N—N /
/ ©
N

\(\ N 0
(0]
O N
\n/ N
(6]
MS (ESI+, m/e) 597 (M+1)
Reference Example 424
tert-butyl (3S,5R)-3-[{[5-(4-methoxybutyl)-1-phe-

nyl-1H-1,2,3-triazol-4-yl]carbonyl }(2-methylpropyl)

amino|-5-(2-oxotetrahydropyrimidin-1 (2H)-yl)pip-
eridine-1-carboxylate

i !
\(\N o
0
><O\“/N N)J\NH
: L
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MS (ESI+, m/e) 612 (M+1)

In the same manner as in Example 60, the following com-
pounds (Examples 238-240) were obtained.

Example 238

5-(4-methoxybutyl)-N-(2-methylpropyl)-N-[(3'R,
5'S)-2-0x0-1,3'-bipiperidin-5'-yl]-1-phenyl-1H-1,2,3-
triazole-4-carboxamide hydrochloride

MS (ESI+, m/e) 511 (M+1)

Example 239

5-(4-methoxybutyl)-N-(2-methylpropyl)-N-[(3S,5R)-
5-(2-oxopyrrolidin-1-yl) piperidin-3-yl1]-1-phenyl-
1H-1,2,3-triazole-4-carboxamide hydrochloride

N—N /
// (@)
NG
\(\N 0
HCI
0
HN
N

MS (ESI+, m/e) 497 (M+1)



US 9,221,836 B2

447
Example 240

5-(4-methoxybutyl)-N-(2-methylpropyl)-N-[(3S,5R)-
5-(2-oxotetrahydropyrimidin-1(2H)-yl)piperidin-3-
yl]-1-phenyl-1H-1,2,3-triazole-4-carboxamide

hydrochloride
N—N /
/) ©
A
\r\ ¥ © HCl
(€]

L)jm
MS (ESI+, m/e) 512 (M+1)

Reference Example 425

methyl 5-(4-methoxybutyl)-1-phenyl-1H-pyrazole-4-
carboxylate

\

A solution of methyl 7-methoxy-3-oxoheptanoate (526
mg) and N,N-dimethylformamide dimethylacetal (0.45 ml)
in toluene (5 ml) was stirred at 80° C. for 5 hr. The reaction
mixture was concentrated under reduced pressure, and the
residue was dissolved in ethanol (5 ml). Phenylhydrazine
(0.41 ml) was added and the mixture was stirred at 80° C. for
15 hr. The reaction mixture was concentrated under reduced
pressure, water was added to the residue, and the mixture was
extracted with ethyl acetate. The extract was washed with
saturated brine, and dried over anhydrous magnesium sulfate
and concentrated under reduced pressure. The obtained resi-
due was subjected to silica gel chromatography, and a fraction
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eluted with hexane-ethyl acetate-hexane (1:9-1:3) was con-
centrated under reduced pressure to give the object product
(620 mg) as an oil.

MS (ESI+, m/e) 289 (M+1)

In the same manner as in Reference Example 74, the fol-
lowing compound (Reference Example 426) was obtained.

Reference Example 426

5-(4-methoxybutyl)-1-phenyl-1H-pyrazole-4-car-
boxylic acid

HO (6]

MS (ESI+, m/e) 275 (M+1)

In the same manner as in Reference Example 163, the
following compounds (Reference Examples 427-428) were
obtained.

Reference Example 427

tert-butyl (3S,5R)-3-[{[5-(4-methoxybutyl)-1-phe-
nyl-1H-pyrazol-4-yl]carbonyl}(2-methylpropyl)
amino]-5-(morpholin-4-ylcarbonyl)piperidine-1-
carboxylate

YN o
S
XOTNGWO/NJ

MS (ESI+, m/e) 626 (M+1)
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Reference Example 428 Example 242
tert-butyl (3S)-3-[{[5-(4-methoxybutyl)-1-phenyl- 5-(4-methoxybutyl)-N-(2-methylpropyl)-1-phenyl-
1H-1,2,3-triazol-4-yl|carbonyl} (2-methylpropyl) N-[(3S)-piperidin-3-yl]-1H-1,2,3-triazole-4-carboxa-
amino |piperidine-1-carboxylate mide hydrochloride
10
N—N /
N// (6]
N—N /
/ 0
N,

Y N o -

20 AN
O N
\ﬂ/ MS (ESI+, m/e) 414 (M+1)
o Inthe same manner as in Reference Examples 360 and 361,

25 the following compounds (Reference Examples 429-430)
were obtained.

Reference Example 429

30 1-(2,3-dihydro-1H-inden-5-y1)-5-(4-methoxybutyl)-
MS (ESI+, m/e) 514 (M+1) 1H-1,2,3-triazole-4-carboxylic acid

In the same manner as in Example 60, the following com-
pounds (Examples 241-242) were obtained.
35

Example 241

/N—N O/
5-(4-methoxybutyl)-N-(2-methylpropyl)-N-[(3S,5R)- N/ P
5-(morpholin-4-ylcarbonyl)piperidin-3-yl]-1-phenyl- 40
HO (6]

1H-pyrazole-4-carboxamide dihydrochloride

45 MS (ESI+, m/e) 316 (M+1)
Q Reference Example 430
}\T—N O/
a

1-(4-fluoro-3-methylphenyl)-5-(4-methoxybutyl)-

50 1H-1,2,3-triazole-4-carboxylic acid
«2HCI F
W/\N 0 Q\
(\ 55
(@]
N—N /
HN N // 9]
NG
(@]
60
HO O

MS (ESI+, m/e) 308 (M+1)
65  In the same manner as in Reference Example 163, the
following compounds (Reference Examples 431-432) were
MS (ESI+, m/e) 526 (M+1) obtained.
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Reference Example 431

1-tert-butyl 3-methyl (3R,5S)-5-[{[1-(2,3-dihydro-

1H-inden-5-y1)-5-(4-methoxybutyl)-1H-1,2,3-tria- 5

zol-4-yl]carbonyl }(2-methylpropyl)amino]piperi-
dine-1,3-dicarboxylate

10

/I/\I — o/ 15
N.
\(\ N 0
20
O N O
~
25
(6] (6]
30
MS (ESI+, m/e) 612 (M+1)
35
Reference Example 432
1-tert-butyl 3-methyl (3R,5S)-5-[{[1-(4-fluoro-3-
methylphenyl)-5-(4-methoxybutyl)-1H-1,2,3-triazol-
4-yl]carbonyl}(2-methylpropyl)amino]piperidine-1, 40
3-dicarboxylate
F 45
/I/‘I_N o/ 50
N,

YN o N
><O\”/©W/O\
60
(@] (@]

MS (ESI+, m/e) 604 (M+1)

In the same manner as in Reference Example 74, the fol- 65
lowing compounds (Reference Examples 433-434) were
obtained.

452
Reference Example 433

(3R,58)-1-(tert-butoxycarbonyl)-5-[{[1-(2,3-dihy-
dro-1H-inden-5-y1)-5-(4-methoxybutyl)-1H-1,2,3-
triazol-4-yl]carbonyl}(2-methylpropyl)amino]piperi-
dine-3-carboxylic acid

N—N /

O
><O\[(1/N l oH

MS (ESI+, m/e) 598 (M+1)

Reference Example 434

(3R,58)-1-(tert-butoxycarbonyl)-5-[{[1-(4-fluoro-3-

methylphenyl)-5-(4-methoxybutyl)-1H-1,2,3-triazol-

4-yl]carbonyl}(2-methylpropyl)amino]piperidine-3-
carboxylic acid

N—N /

N
><O\([)]/N l oH

MS (ESI+, m/e) 590 (M+1)

In the same manner as in Reference Example 385, the
following compounds (Reference Examples 435-436) were
obtained.



US 9,221,836 B2

453
Reference Example 435

tert-butyl (3S,5R)-3-[{[1-(2,3-dihydro-1H-inden-5-

y1)-5-(4-methoxybutyl)-1H-1,2,3-triazol-4-yl|carbo-

nyl}(2-methylpropyl)amino]-5-(morpholin-4-ylcar-
bonyl)piperidine-1-carboxylate

N—N /

\(\N o
(\o
XOTI@R\)

MS (ESI+, m/e) 667 (M+1)

Reference Example 436

tert-butyl (3S,5R)-3-[{[1-(4-fluoro-3-methylphenyl)-

5-(4-methoxybutyl)-1H-1,2,3-triazol-4-yl|carbonyl}

(2-methylpropyl)amino]-5-(morpholin-4-ylcarbonyl)
piperidine-1-carboxylate

N—N /

W/\N o
N
XOTNGWO/NJ

MS (ESI+, m/e) 659 (M+1)

w
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In the same manner as in Reference Example 80, the fol- 65

lowing compounds (Reference Examples 437-438) were

obtained.

454
Reference Example 437

tert-butyl (3R,58)-3-carbamoyl-5-[{[1-(2,3-dihydro-
1H-inden-5-y1)-5-(4-methoxybutyl)-1H-1,2,3-tria-
zol-4-yl]carbonyl}(2-methylpropyl)amino]piperi-
dine-1-carboxylate

N—N /

oy
><O\[(1/N l NH,

MS (ESI+, m/e) 597 (M+1)

Reference Example 438

tert-butyl (3R,58)-3-carbamoyl-5-[{[1-(4-fluoro-3-
methylphenyl)-5-(4-methoxybutyl)-1H-1,2,3-triazol-
4-yl]carbonyl}(2-methylpropyl)amino]piperidine-1-
carboxylate

N
><o\[(l/N O NH,

MS (ESI+, m/e) 589 (M+1)
In the same manner as in Example 60, the following com-

pounds (Examples 243-246) were obtained.
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Example 243

1-(2,3-dihydro-1H-inden-5-y1)-5-(4-methoxybutyl)-
N-(2-methylpropyl)-N-[(3S,5R)-5-(morpholin-4-
ylcarbonyl)piperidin-3-yl]-1H-1,2,3-triazole-4-car-
boxamide hydrochloride

HCl

MS (ESI+, m/e) 567 (M+1)

Example 244

1-(4-fluoro-3-methylphenyl)-5-(4-methoxybutyl)-N-

(2-methylpropyl)-N-[(3S,5R)-5-(morpholin-4-ylcar-

bonyl)piperidin-3-yl]-1H-1,2,3-triazole-4-carboxam-
ide hydrochloride

10

15

20

25

30

35

40

45

50

55

60

456
Example 245

(3R,55)-5-[{[1-(2,3-dihydro-1H-inden-5-y1)-5-(4-
methoxybutyl)-1H-1,2,3-triazol-4-yl|carbonyl }(2-
methylpropyl)amino|piperidine-3-carboxamide

hydrochloride
N—N /
// O
AN
Y N 0
HCl
HN NH,
(6]

MS (ESI+, m/e) 497 (M+1)

Example 246

(3R,58)-5-[{[1-(4-fluoro-3-methylphenyl)-5-(4-
methoxybutyl)-1H-1,2,3-triazol-4-yl|carbonyl }(2-
methylpropyl)amino|piperidine-3-carboxamide

hydrochloride
F
N—N /
Vi O
AN
\(\ N 0
HCl
HN NH,
(6]

MS (ESI+, m/e) 489 (M+1)

65  Inthesame manner as in Reference Examples 360 and 361,
the following compound (Reference Example 439) was

MS (ESI+, m/e) 559 (M+1) obtained.
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Reference Example 439

1-(2,3-dihydro-1H-inden-4-yl)-5-(4-methoxybutyl)-

1H-1,2,3-triazole-4-carboxylic acid

N—N /
/ 0
MNA
HO 0

MS (ESI+, m/e) 316 (M+1)

In the same manner as in Reference Example 163, the
following compound (Reference Example 440) was obtained.

Reference Example 440

1-tert-butyl 3-methyl (3R,5S)-5-[{[1-(2,3-dihydro-

1H-inden-4-y1)-5-(4-methoxybutyl)-1H-1,2,3-tria-

zol-4-yl]carbonyl }(2-methylpropyl)amino]piperi-
dine-1,3-dicarboxylate

N—N /
/ ©
NA

QN
><O\([)]/N O 0L

MS (ESI+, m/e) 612 (M+1)

In the same manner as in Reference Example 74, the fol-
lowing compound (Reference Example 441) was obtained.
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Reference Example 441

(3R,58)-1-(tert-butoxycarbonyl)-5-[{[1-(2,3-dihy-
dro-1H-inden-4-yl)-5-(4-methoxybutyl)-1H-1,2,3-
triazol-4-yl]carbonyl}(2-methylpropyl)amino]piperi-
dine-3-carboxylic acid

N—N /

O
><O\([)]/N l oH

MS (ESI+, m/e) 597 (M+1)

In the same manner as in Reference Example 385, the
following compound (Reference Example 442) was obtained.

Reference Example 442

tert-butyl (3S,5R)-3-[{[1-(2,3-dihydro-1H-inden-4-

y1)-5-(4-methoxybutyl)-1H-1,2,3-triazol-4-yl|carbo-

nyl}(2-methylpropyl)amino]-5-(morpholin-4-ylcar-
bonyl)piperidine-1-carboxylate

N—N /

\(\N o
.
XOT%NQ

MS (ESI+, m/e) 667 (M+1)
In the same manner as in Example 60, the following com-

pound (Example 247) was obtained.



US 9,221,836 B2

459 460
Example 247 Reference Example 444
1-(2,3-dihydro-1H-inden-4-yl)-5-(4-methoxybutyl)- tert-butyl (3S,5R)-3-[{[5-(4-methoxybutyl)-1-(4-
N-(2-methylpropyl)-N-[(3S,5R)-5-(morpholin-4- 5 methylphenyl)-1H-1,2,3-triazol-4-yl]carbonyl}(2-
ylcarbonyl)piperidin-3-yl]-1H-1,2,3-triazole-4-car- methylpropyl)amino]-5-(pyrrolidin-1-ylcarbonyl)
boxamide hydrochloride piperidine-1-carboxylate

10

15 Y
N—N
/] ©
N

RSl

X

eV Ao
| 25 ><O\([)]/N l N

30
MS (ESI+, m/e) 567 (M+1)

In the same manner as in Reference Example 385, the MS (ESI+, m/e) 625 (M+1)
follqwing compounds (Reference Examples 443-444) were In the same manner as in Example 60, the following com-
obtained. 35 pounds (Examples 248-249) were obtained.
Reference Example 443 Example 248
tert-butyl (3S,5R)-3-[{[5-(4-methoxybutyl)-1-(2- 40 5-(4-methoxybutyl)-1-(2-methylphenyl)-N-(2-meth-
methylphenyl)-1H-1,2,3-triazol-4-yl]carbonyl } (2- ylpropyl)-N-[(3S,5R)-5-(pyrrolidin-1-ylcarbonyl)
methylpropyl)amino]-5-(pyrrolidin-1-ylcarbonyl) piperidin-3-y1]-1H-1,2,3-triazole-4-carboxamide
piperidine-1-carboxylate hydrochloride
45
50
N—N / N—N /
/ © /] ©
N, / N /

55
\(\N o W/\N 5 HCI

MS (ESI+, m/e) 625 (M+1) MS (ESI+, m/e) 525 (M+1)
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Example 249

5-(4-methoxybutyl)-1-(4-methylphenyl)-N-(2-meth-
ylpropyl)-N-[(3S,5R)-5-(pyrrolidin-1-ylcarbonyl)
piperidin-3-yl]-1H-1,2,3-triazole-4-carboxamide

hydrochloride
N—N /
/) ©
NS

Ko

MS (ESI+, m/e) 525 (M+1)

Reference Example 445

ethyl [(4-methoxybutyl)amino](thioxo)acetate

; §\/\/\OM6
OIO
P

To a solution of 4-methoxybutane-1-amine hydrochloride
(1.40 g) and triethylamine (4.18 ml) in DMA (100 ml) was
added dropwise ethyl chloroglyoxylate (1.12 ml) at 0° C. The
reaction mixture was stirred at room temperature for 2 hr.
Water was added to the reaction mixture, and the mixture was
extracted with ethyl acetate. The extract was washed succes-
sively with 1M hydrochloric acid, aqueous sodium bicarbon-
ate and saturated brine, and dried over anhydrous sodium
sulfate. The solvent was evaporated under reduced pressure.
The residue was dissolved in toluene (100 ml), Lawesson’s
reagent (6.07 g) was added, and the mixture was stirred at 90°
C. for 2 hr. The reaction mixture was cooled to room tem-
perature, aqueous sodium bicarbonate was added, and the
mixture was stirred for 30 min and extracted with ethyl
acetate. The extract was washed with saturated brine, dried
over anhydrous sodium sulfate, and subjected to basic silica
gel column chromatography. The fraction eluted with ethyl
acetate was concentrated under reduced pressure to give the
object product (1.2 g).

MS (ESI+, m/e) 220 (M+1)
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Reference Example 446

butyl 4-(4-methoxybutyl)-5-phenyl-4H-1,2,4-triaz-
ole-3-carboxylate

Ethyl [(4-methoxybutyl)amino](thioxo)acetate (1.2 g) and
benzohydrazide (745 mg) were dissolved in 1-butanol (10
ml), and the mixture was stirred at 140° C. for 15 hr. The
reaction mixture was cooled to room temperature, 10% aque-
ous citric acid solution was added, and the mixture was
extracted with ethyl acetate. The extract was washed with
saturated brine, and dried over anhydrous sodium sulfate. The
solvent was evaporated under reduced pressure. The residue
was subjected to silica gel column chromatography, and a
fraction eluted with ethyl acetate-hexane (8:2) was concen-
trated under reduced pressure to give the object product (80
mg).

MS (ESI+, m/e) 332 (M+1)

In the same manner as in the method shown in Reference
Example 54, the following compound (Reference Example
447) was obtained.

Reference Example 447

tert-butyl (3S,5R)-3-[{[4-(4-methoxybutyl)-5-phe-
nyl-4H-1,2,4-triazol-3-yl]carbonyl } (2-methylpropyl)
amino]-5-(morpholin-4-ylcarbonyl)piperidine-1-
carboxylate

MS (ESI+, m/e) 627 (M+1)

Inthe same manner as in the method shown in Example 11,
the following compound (Example 250) was obtained.
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Example 250

4-(4-methoxybutyl)-N-(2-methylpropyl)-N-[(3S,5R)-
5-(morpholin-4-ylcarbonyl)piperidin-3-yl]-5-phenyl-
4H-1,2,4-triazole-3-carboxamide hydrochloride

N—
/
D
W/\N o HCI
Y
HN N\)

MS (ESI+, m/e) 527 (M+1)

In the same manner as in Example 121, the following
compound (Example 251) was obtained.

Example 251

N-(2-methylpropyl)-N-[(3S,5R)-5-(morpholin-4-
ylcarbonyl)piperidin-3-yl]-1-phenyl-5-propyl-1H-
pyrazole-4-carboxamide trifluoroacetate

(

MS (ESI+): 482 (M+H)

e}
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Example 252

1-(4-methoxybutyl)-N-(2-methylpropyl)-N-[(3S,5R)-
5-(morpholin-4-ylcarbonyl)piperidin-3-yl]-1H-benz-
imidazole-2-carboxamide methanesulfonate

NIN\/\/\O/
N 6]

o

HN N

1-(4-Methoxybutyl)-N-(2-methylpropyl)-N-[(3S,5R)-5-

(morpholin-4-ylcarbonyl)piperidin-3-yl]-1H-benzimida-
zole-2-carboxamide (208 mg) was dissolved in ethyl acetate
(2 ml), a solution of methanesulfonic acid (40 pl) in ethyl
acetate (1 ml) was added at 75° C., hexane (1 ml) was added,
and the mixture was heated under reflux and stood at room
temperature overnight. The precipitated crystals were col-
lected by filtration, and dried at 70° C. for 3 hr to give the
object product (158 mg).

MS (ESI+, m/e) 500 (M+1)
melting point: 144.4° C.

In the same manner as in Reference Example 22, the com-
pound of Reference Example 448 was obtained.

Reference Example 448

tert-butyl (3S,5R)-3-[(cyclopropylmethyl )amino]-5-
(morpholin-4-ylcarbonyl)piperidine-1-carboxylate

MS (ESI+, m/e) 368 (M+1)

In the same manner as in Reference Example 64, the com-
pound of Reference Example 449 was obtained.
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Reference Example 449 Reference Example 451
tert-butyl (3S,5R)-3-[(1H-benzimidazol-2-ylcarbo- tert-butyl (3S,5R)-3-[(cyclopropylmethyl){[1-(3-
nyl)(cyclopr opylme.:thy.l)e.lmlno] -5-(morpholin-4- 5 methoxypropyl)-1H-benzimidazol-2-yl1]
ylearbonyl)piperidine-1-carboxylate carbonyl }amino]-5-(morpholin-4-ylcarbonyl)piperi-

dine-1-carboxylate

10

N NH

Y X
g .

25

MS (ESI+, m/e) 512 (M+1) 30
In the same manner as in Reference Example 69, the com- MS (ESI+, m/e) 584 (M+1)
pounds of Reference Example 450 and Reference Example

451 were obtained. In the same manner as in Example 12, the compounds of

3 Example 253 and Example 254 were obtained.

Reference Example 450
Example 253
tert-butyl (3S,5R)-3-[(cyclopropylmethyl){[1-(4-
methoxybutyl)-1H-benzimidazol-2-yl] 40 N-(cyclopropylmethyl)-1-(4-methoxybutyl)-N-[(3S,
carbonyl }amino]-5-(morpholin-4-ylcarbonyl)piperi- 5R)-5-(morpholin-4-ylcarbonyl)piperidin-3-yl]-1H-
dine-1-carboxylate benzimidazole-2-carboxamide dihydrochloride
45
N N N, N
I NN h I g

V/\N o] O ) v/\N 0 O 2HCI
S S

60

65

MS (ESI+, m/e) 598 (M+1) MS (ESI+, m/e) 498 (M+1)
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Example 254

N-(cyclopropylmethyl)-1-(3-methoxypropyl)-N-
[(3S,5R)-5-(morpholin-4-ylcarbonyl)piperidin-3-yl]-
1H-benzimidazole-2-carboxamide dihydrochloride

MS (ESI+, m/e) 484 (M+1)
Reference Example 452

tert-butyl (3S,5R)-3-amino-5-(morpholin-4-ylcarbo-
nyl)piperidine-1-carboxylate

NH,
9
N N\)
Boc/
O
tert-Butyl  (3S,5R)-3-{[(benzyloxy)carbonyl]amino }-5-

(morpholin-4-ylcarbonyl)piperidine-1-carboxylate (39 g)
and palladium(II) hydroxide-carbon (4 g) were suspended in
methanol (500 ml) and the mixture was stirred under a hydro-
gen atmosphere (1 atom) at room temperature for 15 hr. The
palladium catalyst was filtered off, and the filtrate was con-
centrated under reduced pressure to give tert-butyl (3S,5R)-
3-amino-5-(morpholin-4-ylcarbonyl)piperidine-1-carboxy-
late (28 g).

'H-NMR (CDCl,) 8 1.41-1.52 (9H, m), 1.53-1.66 (3H, m),
2.03 (1H, d), 2.36 (1H, d), 2.59-2.83 (3H, m), 3.45-3.76 (8H,
m), 3.97-4.30 (2H, m).

MS (ESI+, m/e) 314 (M+1)
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Reference Example 453

tert-butyl (3R,58)-3-(morpholin-4-ylcarbonyl)-5-{
[(2-nitrophenyl)sulfonyl]amino }piperidine-1-car-
boxylate

tert-Butyl (3S,5R)-3-amino-5-(morpholin-4-ylcarbonyl)
piperidine-1-carboxylate (3.13 g) and triethylamine (2.1 ml)
were dissolved in THF (30 ml), 2-nitrobenzenesulfonyl chlo-
ride (2.44 g) was added at room temperature, and the mixture
was stirred at room temperature for 15 hr. Water was added to
the reaction mixture, and the mixture was extracted with ethyl
acetate. The extract was washed with saturated brine, and
dried over anhydrous sodium sulfate. The solvent was evapo-
rated under reduced pressure to give the object product (4.68

TH-NMR (CDCL,) & 1.43 (9H, 5), 1.80-2.14 (2H, m), 2.55-
2.98 (3H,m), 3.36-3.77 (9H, m), 3.89-4.18 (2H, m), 6.16 (11,
br.s.), 7.70-7.79 (2H, m), 7.81-7.89 (1M, m), 8.13-8.21 (1H,
m).
MS (BSI+, m/e) 499 (M+1)

Reference Example 454

tert-butyl (3R,58)-3-(morpholin-4-ylcarbonyl)-5-{
[(2-nitrophenyl)sulfonyl](propyl)amino } piperidine-
1-carboxylate

O,N” ;

\/\N/S\\TO

e}

tert-Butyl (3R,5S)-3-(morpholin-4-ylcarbonyl)-5-{[(2-ni-
trophenyl)sulfonyl]amino}piperidine-1-carboxylate (4.68 g)
was dissolved in DMA (20 ml), cesium carbonate (9.18 g) and
1-iodopropane (1.83 ml) were added, and the mixture was
stirred at 60° C. for 4 hr. The reaction mixture was diluted
with water, and extracted with ethyl acetate. The extract was
washed with saturated brine, dried over anhydrous magne-
sium sulfate and concentrated under reduced pressure. The
residue was subjected to silica gel column chromatography,
and a fraction eluted with ethyl acetate-hexane (3:7-10:0) was
concentrated under reduced pressure to give the object prod-
uct (4.02 g).
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'H-NMR (CDCl,) 8 0.87 (3H, 1), 1.45 (9H, s), 1.49-1.73
(1H, m), 1.85-2.03 (2H, m), 2.61-2.90 (3H, m), 3.19 (2H, 1),
3.47-3.74 (9H, m), 3.79-3.95 (1H, m), 4.04-4.23 (2H, m),
7.58-7.66 (1H, m), 7.66-7.75 (2H, m), 8.02-8.10 (1H, m).
MS (ESI+, m/e) 541 (M+1)

Reference Example 455

tert-butyl (3R,5S)-3-(morpholin-4-ylcarbonyl)-5-

(propylamino)piperidine-1-carboxylate
N Nwm
9
Bo” N\)

tert-Butyl (3R,5S)-3-(morpholin-4-ylcarbonyl)-5-{[(2-ni-
trophenyl)sulfonyl](propyl)amino }piperidine-1-carboxylate
(4.02 g) and lithium hydroxide monohydrate (1.56 g) were
dissolved in DMF (20 ml), thioglycol acid (1.3 ml) was added
at room temperature, and the mixture was stirred for 2 days at
room temperature. The reaction mixture was diluted with
aqueous sodium bicarbonate, and the mixture was extracted
with ethyl acetate. The extract was washed with saturated
brine, and dried over anhydrous magnesium sulfate. The sol-
vent was evaporated under reduced pressure. The residue was
subjected to basic silica gel column chromatography, and a
fraction eluted with ethyl acetate-hexane (1:9-10:0) was con-
centrated under reduced pressure. The residue was diluted
with 10% aqueous citric acid solution, and washed with ethyl
acetate. The aqueous layer was neutralized with aqueous
sodium bicarbonate and extracted with ethyl acetate. The
extract was washed with saturated brine, and dried over anhy-
drous magnesium sulfate. The solvent was evaporated under
reduced pressure to give the object product (1.89 g).

'H-NMR (CDCl,) 8 0.92 (3H, 1), 1.36-1.71 (13H, m), 2.05
(1H, d),2.26-2.95 (6H, m), 3.50-3.75 (8H, m), 3.96-4.46 (2H,
m).

MS (ESI+, m/e) 356 (M+1)

Reference Example 456
tert-butyl (3S,5R)-3-[(1H-benzimidazol-2-ylcarbo-

nyl)(propyl)amino]-5-(morpholin-4-ylcarbonyl)pip-
eridine-1-carboxylate

N NH

\/\N
N
Boc/

L
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2-(Trichloromethyl)-1H-benzimidazole (1.09 g) and tert-
butyl (3R,5S)-3-(morpholin-4-ylcarbonyl)-5-(propylamino)
piperidine-1-carboxylate (1.49 g) were dissolved in THF
(120 ml), sodium hydrogen carbonate (3.52 g) and water (60
ml) were added and the mixture was stirred at room tempera-
ture for 2 hr. The reaction mixture was diluted with aqueous
sodium bicarbonate, and extracted with ethyl acetate. The
extract was washed with saturated brine, and dried over anhy-
drous magnesium sulfate. The solvent was evaporated under
reduced pressure. The residue was subjected to basic silica
gel column chromatography, and a fraction eluted with ethyl
acetate-hexane (2:8-10:0) was concentrated under reduced
pressure to give the object product (1.97 g).

'H-NMR (CDCl,) 8 0.88-1.06 (3H, m), 1.30-1.54 (9H, m),
1.59-1.91 (3H, m), 1.92-2.48 (2H, m), 2.68-3.21 (3H, m),
3.26-4.00 (9H, m), 4.01-4.56 (3H, m), 7.28-7.45 (2H, m),
7.47-7.61 (1H, m), 7.60-7.89 (1H, m), 10.43-11.17 (1H, m).

MS (ESI+, m/e) 500 (M+1)

Reference Example 457

tert-butyl (3S,5R)-3-[{[1-(4-methoxybutyl)-1H-ben-
zimidazol-2-yl]carbonyl} (propyl)amino]-5-(morpho-
lin-4-ylcarbonyl)piperidine-1-carboxylate

tert-Butyl  (3S,5R)-3-[(1H-benzimidazol-2-ylcarbonyl)
(propyl)amino]-5-(morpholin-4-ylcarbonyl)piperidine-1-
carboxylate (1.97 g) and 4-methoxybutyl methanesulfonate
(754 mg) were dissolved in DMA (50 ml), cesium carbonate
(1.93 g) was added and the mixture was stirred at 60° C. for 15
hr. The reaction mixture was diluted with water, and the
mixture was extracted with ethyl acetate. The extract was
washed with brine, and dried over anhydrous sodium sulfate.
The solvent was evaporated under reduced pressure. The
residue was subjected to basic silica gel column chromatog-
raphy, and a fraction eluted with ethyl acetate-hexane (0:10-
5:5) was concentrated under reduced pressure to give the
object product (2.19 g).

'H-NMR (CDCl,) 8 0.64-1.08 (3H, m), 1.29-1.53 (9H, m),
1.54-1.72 (3H, m), 1.75-2.40 (5H, m), 2.49-3.21 (5H, m),
3.22-3.90 (14H, m), 4.00-4.52 (4H, m), 7.27-7.40 (2H, m),
7.45 (1H, 1), 7.54-7.84 (1H, m).

MS (ESI+, m/e) 586 (M+1)
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Example 255

1-(4-methoxybutyl)-N-[(3S,5R)-5-(morpholin-4-
ylcarbonyl)piperidin-3-yl]-N-propyl-1H-benzimida-
zole-2-carboxamide dihydrochloride

N, N
I \/\/\OMe
NNy o
2HCI
Y
HN N\)
O

tert-Butyl (3S,5R)-3-[{[1-(4-methoxybutyl)-1H-benzimi-
dazol-2-yl]carbonyl }(propyl)amino]-5-(morpholin-4-ylcar-
bonyl)piperidine-1-carboxylate (2.19 g) was dissolved in 4M
hydrogen chloride-ethyl acetate (20 ml), and the mixture was
stirred at room temperature for 2 hr. The reaction mixture was
concentrated to give the object product (2.09 g).

'H-NMR (DMSO-dg) 8 0.59-1.00 (3H, m), 1.38-1.88 (6H,
m), 1.92-2.11 (2H, m), 2.16-2.36 (1H, m), 2.85-3.88 (20H,
m), 4.22-4.57 (3H, m), 7.24-7.44 (2H, m), 7.59-7.82 (2H, m),
8.46-9.94 (2H, m).

In the same manner as in Reference Example 22, the com-
pound of Reference Example 458 was obtained.

Reference Example 458

tert-butyl (3S,5R)-3-[(1-methylethyl)amino]-5-(mor-
pholin-4-ylcarbonyl)piperidine-1-carboxylate

MS (ESI+, m/e) 356 (M+1)

In the same manner as in Reference Example 379, the
compound of Reference Example 459 was obtained.
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Reference Example 459

tert-butyl (3S,5R)-3-[{[1-(2-fluorophenyl)-5-(4-
methoxybutyl)-1H-1,2,3-triazol-4-yl|carbonyl }(1-
methylethyl)amino]-5-(morpholin-4-ylcarbonyl)
piperidine-1-carboxylate

MS (ESI+, m/e) 631 (M+1)

In the same manner as in Reference Example 219, the
compound of Reference Example 460 was obtained.

Reference Example 460

tert-butyl (3S,5R)-3-[(1-methylethyl){[3-(phe-
noxymethyl)imidazo[1,2-a]pyridin-2-yl]
carbonyl }amino]-5-(morpholin-4-ylcarbonyl)piperi-
dine-1-carboxylate

MS (ESI+, m/e) 606 (M+1)

In the same manner as in Example 101, the compounds of
Example 256 and Example 257 were obtained.
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Example 256

1-(2-fluorophenyl)-5-(4-methoxybutyl)-N-(1-meth-
ylethyl)-N-[(3S,5R)-5-(morpholin-4-ylcarbonyl)
piperidin-3-yl]-1H-1,2,3-triazole-4-carboxamide
hydrochloride

MS (ESI+, m/e) 531 (M+1)
Example 257

N-(1-methylethyl)-N-[(3S,5R)-5-(morpholin-4-ylcar-
bonyl)piperidin-3-yl]-3-(phenoxymethyl)imidazo[1,
2-a]pyridine-2-carboxamide dihydrochloride

MS (ESI+, m/e) 506 (M+1)

In the same manner as in Reference Example 64, the com-
pound of Reference Example 461 was obtained.
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Reference Example 461

tert-butyl (3S,5R)-3-[(1H-benzimidazol-2-ylcarbo-
nyl) (1-methylethyl)amino]-5-(morpholin-4-ylcarbo-
nyl)piperidine-1-carboxylate

NINH
)\ N 0
0

$

N
Boc/

MS (ESI+, m/e) 500 (M+1)

In the same manner as in Reference Example 69, the com-
pound of Reference Example 462 was obtained.

Reference Example 462

tert-butyl (3S,5R)-3-[{[1-(4-methoxybutyl)-1H-ben-
zimidazol-2-yl]carbonyl}(1-methylethyl)amino]-5-
(morpholin-4-ylcarbonyl)piperidine-1-carboxylate

A

N
Boc/

O

NIN\/\/\O/
0
0

MS (ESI+, m/e) 586 (M+1)

In the same manner as in Example 101, the compound of

Example 258 was obtained.
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Example 258 Reference Example 464

1-(4-methoxybutyl)-N-(1-methylethyl)-N-[(3S,5R)-
5-(morpholin-4-ylcarbonyl)piperidin-3-yl]-1H-benz-
imidazole-2-carboxamide dihydrochloride 5

tert-butyl (3R,58)-3-(morpholin-4-ylcarbonyl)-5-[{
[3-(phenoxymethyl)imidazo[1,2-a]pyridin-2-yl|car-
bonyl}(propyl)amino]piperidine-1-carboxylate

10 /\

/ N
N, N
N NN N A o
)\ 15
N (6]
2HCL SNy o
@
(6]
N N\) " O
N N
Boc/
(6]
(6]
25
MS (ESI+, m/e) 486 (M+1) 30
In the same manner as in Reference Example 379, the MS (ESI+, m/e) 606 (M+1)

compound of Reference Example 463 was obtained. In the same manner as in Example 101, the compounds of

Reference Example 463 Example 259 and Example 260 were obtained.

35
tert-butyl (3S,5R)-3-[{[ 1-(2-fluorophenyl)-5-(4- Example 259
methoxybutyl)-1H-1,2,3-triazol-4-yl]carbonyl}(pro-
pyDamino]-5-(morpholin-4-ylcarbonyl)piperidine-1-
carboxylate 1-(2-fluorophenyl)-5-(4-methoxybutyl)-N-[(3S,5R)-
5-(morpholin-4-ylcarbonyl)piperidin-3-y1]-N-propyl-
1H-1,2,3-triazole-4-carboxamide hydrochloride

/N—N
NG o /N—N
50 N A o
NNy o
NNy o
(\O HCl
ss
Boc/N N\) (\o
HN N\)
o

60

MS (ESI+, m/e) 631 (M+1) 65
In the same manner as in Reference Example 219, the
compound of Reference Example 464 was obtained. MS (ESI+, m/e) 531 (M+1)



US 9,221,836 B2

477
Example 260

N-[(3S,5R)-5-(morpholin-4-ylcarbonyl)piperidin-3-
y1]-3-(phenoxymethyl)-N-propylimidazo[1,2-a]pyri-
dine-2-carboxamide dihydrochloride

MS (ESI+, m/e) 506 (M+1)

In the same manner as in Reference Example 64, the com-

pound of Reference Example 465 was obtained.
Reference Example 465

tert-butyl (3S,5R)-3-[(1H-benzimidazol-2-ylcarbo-
nyl)amino]-5-(morpholin-4-ylcarbonyl)piperidine-1-
carboxylate

N. NH
I
HN (6]
(6]

9§

N
Boc/

MS (ESI+, m/e) 458 (M+1)

In the same manner as in Reference Example 69, the com-

pound of Reference Example 466 was obtained.
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Reference Example 466

tert-butyl (3S,5R)-3-({[1-(4-methoxybutyl)-1H-ben-
zimidazol-2-yl]carbonyl }amino)-5-(morpholin-4-
ylcarbonyl)piperidine-1-carboxylate

AN NN
HNIO
(\o
Bo” N\)

MS (ESI+, m/e) 544 (M+1)
In the same manner as in Example 101, the compound of

Example 261 was obtained.

Example 261

1-(4-methoxybutyl)-N-[(3S,5R)-5-(morpholin-4-
ylcarbonyl)piperidin-3-yl]-1H-benzimidazole-2-
carboxamide dihydrochloride

NIN\/\/\ o
N 0
JHCl
@
N N\)

MS (ESI+, m/e) 444 (M+1)
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Reference Example 467

tert-butyl (3S,5R)-3-[{[1-(4-methoxybutyl)-1H-ben-
zimidazol-2-yl|carbonyl}(methyl)amino]-5-(mor-
pholin-4-ylcarbonyl)piperidine-1-carboxylate

Boc

tert-Butyl (3S,5R)-3-({[1-(4-methoxybutyl)-1H-benzimi-
dazol-2-yl]carbonyl }amino)-5-(morpholin-4-ylcarbonyl)pi-
peridine-1-carboxylate (290 mg) was dissolved in DMF (5
ml), sodium hydride (60% in 0il) (880 mg) was added, and the
mixture was stirred at room temperature for 1 hr. Methyl
iodide (98 ul) was added and the mixture was stirred at room
temperature for 3 days. The reaction mixture was diluted with
aqueous sodium bicarbonate, and the mixture was extracted
with ethyl acetate. The extract was washed with saturated
brine, and dried over anhydrous magnesium sulfate. The sol-
vent was evaporated under reduced pressure. The residue was
subjected to basic silica gel column chromatography, and a
fraction eluted with ethyl acetate-hexane (1:9-7:3) was con-
centrated under reduced pressure to give the object product
(225 mg).

MS (ESI+, m/e) 558 (M+1)

In the same manner as in Reference Example 467, the
compound of Reference Example 468 was obtained.

Reference Example 468
tert-butyl (3S,5R)-3-(ethyl{[1-(4-methoxybutyl)-1H-

benzimidazol-2-yl]carbonyl }amino)-5-(morpholin-4-
ylcarbonyl)piperidine-1-carboxylate

AN NG NN
/\NIO
(\o
Bo” N\)
0

MS (ESI+, m/e) 572 (M+1)

In the same manner as in Example 12, the compounds of

Example 262 and Example 263 were obtained.
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Example 262

1-(4-methoxybutyl)-N-methyl-N-[(3S,5R)-5-(mor-
pholin-4-ylcarbonyl)piperidin-3-yl]-1H-benzimida-
zole-2-carboxamide dihydrochloride

NIN\/\/\O/
\N 0

@

HN N

(@]
MS (ESI+, m/e) 458 (M+1)

Example 263
N-ethyl-1-(4-methoxybutyl)-N-[(3S,5R)-5-(morpho-

lin-4-ylcarbonyl)piperidin-3-yl|-1H-benzimidazole-
2-carboxamide dihydrochloride

N, N
I \/\/\o/

Sy o
(\o JHCI

N N\)
(6]
MS (ESI+, m/e) 472 (M+1)
Example 264

1-(4-methoxybutyl)-N-(2-methylpropyl)-N-[(3S,5R)-

5-(morpholin-4-ylcarbonyl)piperidin-3-yl]-1H-benz-
imidazole-2-carboxamide hydrochloride
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1-(4-Methoxybutyl)-N-(2-methylpropyl)-N-[(3S,5R)-5-

(morpholin-4-ylcarbonyl)piperidin-3-yl]-1H-benzimida-
zole-2-carboxamide (24.4 g) was dissolved in ethyl acetate
(225 ml), and the mixture was heated to 45-55° C. 4M Hydro-
gen chloride-ethyl acetate (12.8 ml) was added dropwise, and
the precipitate was dissolved at the same temperature. After
confirmation of dissolution, heptane (75 ml) was added drop-
wise, and the mixture was cooled to 25-35° C. The seed
crystal (45 mg) was added and the mixture was stirred for 30
min. The mixture was heated to 50-55° C., and heptane (150
ml) was added dropwise. The mixture was stirred at the same
temperature for 1 hr, gradually cooled to 0-5° C., and stirred
at the same temperature for 1 hr. The precipitated crystals
were collected by filtration, washed with ethyl acetate-hep-
tane (90 ml), and dried under reduced pressure at 40-50° C. to
give the object product (15.3 g).

Example 265

1-(4-methoxybutyl)-N-(2-methylpropyl)-N-[(3S,5R)-
5-(morpholin-4-ylcarbonyl)piperidin-3-yl]-1H-benz-
imidazole-2-carboxamide hydrochloride

NIN\/\/\O/
N (6]

HCl

v

1-(4-Methoxybutyl)-N-(2-methylpropyl)-N-[(3S,5R)-5-
(morpholin-4-ylcarbonyl)piperidin-3-yl]-1H-benzimida-
zole-2-carboxamide hydrochloride (3.0 g) was suspended in
2-propanol-ethyl acetate (25.5 ml), and dissolved by heating
to 40-50° C. Heptane (10.5 ml) was added dropwise at the
same temperature, and the mixture was cooled to 30-40° C.,
and seed crystal (3.0 mg) was added. Heptane (7 ml) was
added dropwise at the same temperature, and the mixture was
heated to 45-50° C. 2-Propanol-ethyl acetate-heptane (12 ml)
was added dropwise, heptane (9 ml) was further added drop-
wise, and the mixture was heated to 50-60° C. and stirred for
1 hr. The mixture was cooled to 5° C. or lower, and stirred at
the same temperature for 1 hr. The crystals were collected by
filtration, washed with ethyl acetate-heptane (15 ml) cooled
to 5° C. or lower, and dried under reduced pressure at 40-50°
C. to give the object product (2.6 ).

MS (ESI+, m/e) 500 (M+1)

melting point: 158° C.

Preparation Example 1

(1) compound of Example 1 10.0g
(2) Lactose 70.0g
(3) Corn starch 50.0g
(4) Soluble starch 70g
(5) Magnesium stearate 3.0g
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10.0 g of the compound of Example 1 and 3.0 g of magne-
sium stearate are granulated with 70 ml of an aqueous solu-
tion of soluble starch (7.0 g as soluble starch), then and the
mixture is dried and mixed with 70.0 g of lactose and 50.0 g
of corn starch (any of lactose, corn starch, soluble starch and
magnesium stearate is products in conformity to the 14
revision of the Japanese Pharmacopoeia). The mixture is
compressed to give tablets.

Experimental Example 1

Human renin was obtained by expressing preprorenin
(1-406) in an animal cell, treating the prorenin (24-406) con-
tained in the culture supernatant with trypsin, and taking the
active type (67-400).

(1) Construction of Renin-Expressing Vector

A plasmid DNA to express human renin in HEK293 cells
was prepared as follows. PCR was carried out using human
renal cDNA (Clontech Laboratories, Inc., Marathon Ready
c¢DNA) as the template and using two synthetic DNAs (5'-
AAGCTTATGGATGGATGGAGA-3"; SEQ ID No. 1, and
5'-GGATCCTCAGCGGGCCAAGGC-3";, SEQ ID No. 2),
and the obtained fragments were cloned using a TOPO TA
Cloning Kit (Invitrogen Corp.). The obtained fragments were
subcloned into pcDNA3.1(+) that had been cleaved by Hin-
dIII and BamHI, thus to obtain a plasmid DNA for human
preprorenin expression (pcDNA3.1(+)/hREN).

(2) Construction of Angiotensinogen-Expressing Vector

A plasmid DNA to express human angiotensinogen in
HEK293 cells was prepared as follows. PCR was carried out
using human liver cDNA (Clontech Laboratories, Inc., Mara-
thon Ready cDNA) as the template and using two synthetic
DNAs (5-AAGCTTATGCGGAAGCGAGCAC-
CCCAGTCT-3";, SEQ ID No. 3, and 5'-GGATCCTCACT-
TGTCATCGTCGTCCTTGTAGTCTGCTGT-
GCTCAGCGGGTTGGCCACGC-3"; SEQID No. 4), and the
obtained fragments were cloned using a TOPO TA Cloning
Kit (Invitrogen Corp.). The obtained fragments were sub-
cloned into pcDNA3.1(+) that had been cleaved by HindIII
and BamHI, thereby to give a plasmid DNA for expression of
human angiotensinogen having a FL.AGtag on the C-terminal
(pcDNA3.1(+)/hAngiotensinogen-FLLAG). Then, PCR was
carried out using the pcDNA3.1(+)/hAngiotensinogen-
FLAG as the template and using two synthetic DNAs (5'-
CCTTAAGCTTCCACCATGCGGAAGCGAG-
CACCCCAGTCT-3'; SEQ ID No.
5'-TTGGATCCTCATGCTGTGCTCAGCGGGT-
TGGCCACGCGG-3"; SEQ ID No. 6), and the obtained frag-
ments were cloned using a TOPO TA Cloning Kit (Invitrogen
Corp.). The obtained fragments were subcloned into
pcDNA3.1(+) that had been cleaved by HindIII and BamHI,
thus to obtain a plasmid DNA for human angiotensinogen
expression (pcDNA3.1(+)/hAngiotensinogen).

(3) Expression of Preprorenin and Purification of Prorenin
(24-406)

Expression of human preprorenin was conducted using
FreeStyle 293 Expression System (Invitrogen Corp.).
According to the manual accompanying the FreeStyle 293
Expression System, the plasmid DNA for human preprorenin
expression (pcDNA3.1(+)/hREN) constructed in the above-
mentioned (1) was used to conduct transient expression by
FreeStyle 293-F cells. After transfection of the plasmid DNA,
the cells were subjected to shaking culture under the condi-
tions of 37° C., 8% CO, and 125 rpm for 3 days. A 600-ml
aliquot of the culture medium was centrifuged at 2,000 rpm
for 10 min to recover the culture supernatant containing pro-
renin (24-406). The culture supernatant was concentrated by

5, and
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ultrafiltration using a PM 10 membrane (Millipore, Inc.) to a
volume of about 50 ml, and then was dialyzed against 20 mM
Tris-hydrochloric acid (pH 8.0). The dialyzate was fed to a
6-ml RESOURCE Q column (GE Healthcare) equilibrated
with 20 mM Tris-hydrochloric acid (pH 8.0) at a flow rate of
3 ml/min to adsorb the prorenin (24-406). After washing the
column with the buffer solution used in the equilibration,
elution was carried out by means of a linear concentration
gradient of sodium chloride from 0 M to 0.4 M. The fractions
containing prorenin (24-406) were collected and concen-
trated using Vivaspin 20 (molecular weight cut oft 10,000;
Vivascience, Inc.) to a volume of about 2 ml.

The concentrated liquid was subjected to gel filtration
chromatography using Hil.oad 16/60 Superdex 200 pg (GE
Healthcare) equilibrated with 20 mM Tris-hydrochloric acid
(pH 8.0) containing 0.15 M sodium chloride, at a flow rate of
1.4 ml/min, thus to obtain 3.6 mg of purified prorenin (24-
406).

(4) Purification of Active Type Renin (67-406)

To 3.6 mg of prorenin (24-406) dissolved in 5.2 mlof 0.1 M
Tris-hydrochloric acid (pH 8.0), 12 g of trypsin (Roche Diag-
nostics Corp.) was added, and the mixture was allowed to
react at 28° C. for 55 min to carry out activation of renin. After
the reaction, 0.4 ml of immobilized trypsin inhibitor (Pierce
Biotechnology, Inc.) was added to remove the trypsin used in
the activation by adsorption. The reaction liquid containing
the active type renin was concentrated using Vivaspin 20
(molecular weight cut off 10,000, Vivascience, Inc.), and was
diluted with 20 mM Tris-hydrochloric acid (pH 8.0). The
diluted liquid was fed to a TSKgel DEAE-5PW column (7.5
mm [.D.x75 mm, Tosoh Corp.) equilibrated with 20 mM
Tris-hydrochloric acid (pH 8.0) at a flow rate of 1 ml/min to
adsorb the active type renin (67-406). The column was
washed with the buffer solution used for the equilibration, and
then elution was carried out by means of a sodium chloride
linear concentration gradient from 0 M to 0.3 M, thus to
obtain 1.5 mg of a purified product of active type renin (67-
406).

(5) Purification of Angiotensinogen

Expression of human angiotensinogen was conducted
using FreeStyle 293 Expression System (Invitrogen Corp.).
According to the manual accompanying the FreeStyle 293
Expression System, the plasmid DNA for human angiotensi-
nogen expression (pcDNA3.1(+)/hAngiotensinogen) con-
structed in the above-mentioned (2) was used to conduct
transient expression by FreeStyle 293-F cells. After transfec-
tion of the plasmid DNA, the cells were subjected to shaking
culture under the conditions of 37° C., 8% CO, and 125 rpm
for 3 days. A 600-ml aliquot of the culture medium was
centrifuged at 2,000 rpm for 10 min to recover the culture
supernatant containing angiotensinogen. To the culture
supernatant was added ammonium sulfate (30% saturated
concentration), and the mixture was thoroughly stirred and
centrifuged at 8,000 rpm for 20 min. The obtained superna-
tant was added to TOYO Pearl butyl 650M (2x5 cm, Tosoh
Corporation) equilibrated with 50 mM tris-hydrochloric acid
(pH 8.0) containing 30% saturated ammonium sulfate, at a
flow rate of 25 ml/min to allow adsorption. After washing
with equilibration buffer, angiotensinogen was eluted by lin-
ear concentration gradient from the buffer used for equilibra-
tion to 20 mM tris-hydrochloric acid (pH 8.0). The eluate
containing angiotensinogen was applied to repeated concen-
tration and dilution using Vivaspin 20 (molecular weight cut
off 10,000, Vivascience, Inc.), and the buffer was changed to
20 mM tris-hydrochloric acid (pH 8.0). The eluate was fed to
a 6-ml RESOURCE Q column (Amersham Biosciences, Inc.)
equilibrated with 20 mM Tris-hydrochloric acid (pH 8.0)
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containing 50 mM sodium chloride at a flow rate of 6 ml/min
to adsorb the angiotensinogen. After washing the column
with the buffer solution used in the equilibration, elution was
carried out by means of a linear concentration gradient of
sodium chloride from 50 mM to 400 mM. The fractions
containing angiotensinogen were collected and concentrated
using Vivaspin 20 (molecular weight cut off 10,000, Viva-
science, Inc.) to a volume of about 2 ml. The concentrated
liquid was subjected to gel filtration chromatography using
HilLoad 26/60 Superdex 200 pg (GE Healthcare) equilibrated
with 20 mM Tris-hydrochloric acid (pH 8.0) containing 0.15
M sodium chloride, at a flow rate of 2.0 ml/min, thus to obtain
7.0 mg of purified angiotensinogen.
(6) Measurement of Renin Inhibition Value

As a substrate for renin activity measurement, the angio-
tensinogen mentioned in (5) above was used. 1 pl each of the
test compound (containing 100% DMSO) was added to each
well of a 384-well plate (ABgene). Renin was diluted with a
buffer solution for reaction (20 mM sodium phosphate (pH
7.4)) to a concentration of 57 pM, and 14 ul each of the
dilution was added to each well. The dilution was left to stand
at37° C. for 10 min, and then 5 pl of each of'a 6 uM solution
of substrate angiotensinogen was added to each well to ini-
tiate the reaction. The reaction mixture was left to stand at 37°
C. for 30 min, and then 20 pl each of a reaction terminating
solution [20 mM Tris-hydrochloric acid (pH 7.4), 150 mM
sodium chloride, 0.1% BSA, 0.05% Tween 20 and 1 uM
CGP-29287] was added to each well to terminate the reaction,
thus an enzyme reaction solution was obtained. The amount
of angiotensin I produced by an enzyme reaction was quan-
tified by Enzyme Immuno Assay (EIA) described below.

Anti-angiotensin | antibody (Peninsula Laboratories Inc.)
diluted 5,000-fold with PBS was added to each well of a 384
well black plate (Nalge Nunc International Co., Ltd.) by 25 pl,
and left standing overnight at 4° C. to immobilize the anti-
body in the plate. The antibody solution was removed, PBS
solution (100 ul) containing 1% BSA was added to each well,
and the mixture was left standing at room temperature for 2 hr
for blocking. The blocking solution was removed, and each
well was washed 5 times with 100 pul 0£0.05% Tween20-PBS.
An angiotensin | standard solution (Wako Pure Chemical
Industries, [td.) prepared to 0.156-10 nM with an enzyme
reaction solution or bufter [20 mM tris-hydrochloric acid (pH
7.4), 150 mM sodium chloride, 0.1% BSA, 0.05% Tween20]
was dispensed to each well by 10 pl. Then, a biotinated
angiotensin [ solution (AnaSpec, 15 pl) prepared to 1.6 nM
with a buffer [20 mM tris-hydrochloric acid (pH 7.4), 150
mM sodium chloride, 0.01% BSA, 0.05% Tween20] was
added to each well, mixed with a plate mixer and left standing
at room temperature for 1 hr. The solutions were removed
from each well, and each well was washed 5 times with 100 pl
01 0.05% Tween20-PBS. Horseradish peroxydase Streptavi-
din (PIERCE Biotecnology inc., 25 ul) diluted to 100 ng/ml
with a buffer [20 mM tris-hydrochloric acid (pH 7.4), 150
mM sodium chloride, 0.1% BSA, 0.05% Tween 20] was
added to each well and the mixture was left standing at room
temperature for 30 min. The solutions were removed from
each well, and each well was washed 5 times with 100 pl of
0.05% Tween20-PBS. SuperSignal ELISA femto Maximum
Sensitivity Substrate (PIERCE Biotecnology Inc.) was added
by 25 ul and luminescence intensity was measured by EnVi-
sion (Perkin Elmer Inc.). An analytical curve was drawn from
the luminescence intensity of wells containing an angiotensin
I standard solution, and the amount of angiotensin I produced
by an enzyme reaction was calculated and used as an index of
renin activity.
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While the reaction rate of the well where 100% DMSO
only was added was taken as 0% inhibition rate, and the
reaction rate of the well where angiotensin 1 was not con-
tained was taken as 100% inhibition rate, the renin inhibitory
activity of the wells where the test compound (containing
100% DMSO) was added was calculated.
(7) Results

The results measured according to the above-mentioned
method (6) are shown in Table 1.

TABLE 1

Human renin inhibitory activity

inhibitory activity

Example No. (%) at 0.1 uM

3 96

4 96
10 97
12 97
25 98
38 98
40 97
48 97
49 97
73-1 96
73-2 96
74-1 94
74-2 96
75-1 95
75-2 90
85 97
117 98
233 97
235 97

From the results of Table 1, it is clear that compounds (I)
and (1) of the present invention have a superior renin inhibi-
tory activity.

Experimental Example 2

(1) Ex Vivo Renin Inhibitory Activity Test Using
Macaca fascicularis

Male macaca fascicularis was used. The blood samples
were collected from femoral vein at the time points of before
drug administration and 4 hr after drug administration
(EDTA-2Na* at final concentration of 7.5 mmol/L was used
as an anticoagulant). The collected blood was centrifuged
using a cooling centrifuge (centrifuge 5415R: Eppendorf Co.,
Ltd.) at 4° C., 10000 rpm for 10 min, and the obtained plasma
was preserved at —20° C. until a parameter measurement. The
drug was dissolved in 0.5% methylcellulose and orally
administered at 1 mg/kg. The plasma renin activity (PRA)
was measured using RIA kit (renin activity “PRA™: SRL
Inc.). PRA was calculated by the following formula.

PRA (X3° C.-X4° C)
(ng/ml/h) "~ incubation time(h)

X;,° C.: angiotensin I concentration for incubation at 37°
C.

X,° C.: angiotensin I concentration for incubation at 4° C.

PRA at each time point after drug administration was cal-
culated as percentage relative to the value before administra-
tion and taken as PRA %. The renin inhibitory activity of the
drug administration group was calculated as an inhibitory rate
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by amending the PRA % at each time point after drug admin-
istration with PRA % of the vehicle group.

(2) Results

The results measured according to the above-mentioned
method (1) are shown in Table 2.

TABLE 2

Macaca fascicularis plasma renin activity

PPA inhibitory activity

Example (%,n=3-7)
Example 7 93
Example 10 72
Example 11 89
Example 18 89
Example 21 85
Example 25 79
Example 33 77
Example 40 75
Example 42 70
Example 48 78
Example 60 85
Example 62 75
Example 73-1 77
Example 73-2 20
Example 74-1 20
Example 74-2 54
Example 75-1 86
Example 75-2 71
Example 76 79
Example 233 67
Example 235 62
Example 253 77
Example 255 84

From the results of Table 2, it is clear that compounds (I)
and (I1) of the present invention show a sustained and superior
renin inhibitory activity in the plasma of Macaca fascicularis
that received drug administration.

[Sequence Listing Free Text]
[SEQ ID NO:
[SEQ ID NO:
[SEQ ID NO:
[SEQ ID NO:
[SEQ ID NO:
[SEQ ID NO:
[SEQ ID NO:
[SEQ ID NO:

1] primer
2] primer
3] primer
4] primer
5] primer
6] primer
7] partial sequence of human angiotensinogen

8] substrate peptide of renin

INDUSTRIAL APPLICABILITY

Compound (I) and compound (II) have superior renin
inhibitory activity and thus are useful as agents for the pro-
phylaxis or treatment of hypertension, various organ damages
attributable to hypertension, and the like.

This application is based on patent application Nos.
161049/2008 and 004882/2009 filed in Japan, the contents of
which are hereby incorporated by reference.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 8

<210> SEQ ID NO 1

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct; primer

<400> SEQUENCE: 1

aagcttatgg atggatggag a

<210> SEQ ID NO 2

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct; primer

<400> SEQUENCE: 2

ggatcctcag cgggccaagg ¢

<210> SEQ ID NO 3

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct; primer

<400> SEQUENCE: 3

aagcttatge ggaagcgage accccagtcet

<210> SEQ ID NO 4

<211> LENGTH: 59

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct; primer

<400> SEQUENCE: 4

ggatcctcac ttgtcatcgt cgtecttgta gtetgetgtg ctecagegggt tggecacge

<210> SEQ ID NO 5

<211> LENGTH: 39

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct; primer

<400> SEQUENCE: 5

ccttaagett ccaccatgeg gaagcgagca ceccagtcet

<210> SEQ ID NO 6

<211> LENGTH: 39

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct; primer

<400> SEQUENCE: 6
ttggatccte atgectgtget cagegggttyg gecacgegg
<210> SEQ ID NO 7
<211> LENGTH: 15

<212> TYPE: PRT
<213> ORGANISM: Artificial sequence

21

21

30

59

39

39
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-continued

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct; partial sequence of human
angiotensinogen

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (15)..(15)

<223> OTHER INFORMATION: AMIDATION

<400> SEQUENCE: 7

Asp Arg Val Tyr Ile His Pro Phe His Leu Val Ile His Asn Glu
1 5 10 15

<210> SEQ ID NO 8

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct; substrate peptide for
renin

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: FITC-labeled 6-aminocaproic acid

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (16)..(16)

<223> OTHER INFORMATION: AMIDATION

<400> SEQUENCE: 8

Xaa Asp Arg Val Tyr Ile His Pro Phe His Leu Val Ile His Gln Arg

1 5 10 15
The invention claimed is: X is
1. A compound represented by the formula (1): (1) a hydrogen atom;

(2) a C, ¢ alkyl group optionally substituted by 1 to 3
substituents selected from the group consisting of
) (a) a halogen atom,
(b) a hydroxyl group,
(c) a C,_¢ alkoxy group optionally having a C,_ alkoxy
X group or a halogen atom,
40 (d) a C,_¢ alkylthio group,
R (e) an aryl group,
(f) an aryloxy group optionally having a C,_4 alkoxy
group or a halogen atom, and
() a heteroaryl group; or
45 (3)aC,_ 4, cycloalkyl group; and
HN ring A is benzimidazole,

35

R? or a salt thereof.
2. A compound represented by the formula (II):

wherein
R! is a hydrogen atom, an alkyl group optionally having 50

substituent(s), an alkenyl group optionally having sub- I

stituent(s) or a cycloalkyl group optionally having sub- °

stituent(s); Pt
R?is X!
(1) a C,_¢ alkyl group optionally having 1 to 3 substituents 55 R!

selected from the group consisting of >N o

(a) a hydroxyl group,

(b) a halogen atom,

(c) a C,_q alkoxy group, B B

(d) a C, ¢ alkyl-carbonyloxy group, and 60 HN

(e) a C;_, cycloalkyl group,
(2) a carboxy group, wherein
(3) a C,_¢ alkoxy-carbonyl group, R! is a hydrogen atom, an alkyl group optionally having
(4) a C,_¢ alkyl-carbonyl group, or 65 substituent(s), an alkenyl group optionally having sub-
(5) a group represented by the formula: —CO—NR'R" stituent(s) or a cycloalkyl group optionally having sub-

wherein R' and R" are each a hydrogen atom; stituent(s);
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R? is an alkyl group, an alkenyl group optionally having
substituent(s), a cycloalkyl group optionally having sub-
stituent(s), an alkylthio group optionally having sub-
stituent(s), an alkylsulfinyl group optionally having sub-
stituent(s), an alkylsulfonyl group optionally having
substituent(s), an alkoxy group optionally having sub-
stituent(s), an aryl group optionally having substitu-
ent(s) or a heteroaryl group optionally having substitu-
ent(s);

X' is a C,_4 alkylene group;

ring A' is benzimidazole; and

the group represented by

is a group represented by
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wherein R* is

(1) a cyano group,

(2)aC, _galkyl group optionally having 1 to 3 substituents

selected from the group consisting of

(a) a hydroxy group,

(b) a C,_¢ alkoxy group,

(c) a C,_¢ alkyl-carbonyloxy group,

(d) a C,_,, cycloalkyl group, and

(e) acyclic amino group optionally having an oxo group,

(3) a carboxy group,

(4) aC,_4 alkoxy-carbonyl group, or

(5) a group represented by the formula: —CO—NR' R"

wherein R' and R" are each a hydrogen atom,

or a salt thereof.

3. The compound of claim 1, wherein R is a C,_, alkyl
group optionally having substituent(s).

4. The compound of claim 2, wherein R is a C,_, alkyl
group optionally having substituent(s).

5. The compound of claim 1, wherein X is a C,_4 alkyl
group optionally substituted by a C,_ alkoxy group.

6. The compound of claim 2, wherein R is a C, _ alkoxy
group optionally having substituent(s).

7. N-[(3S,5R)-5-carbamoylpiperidin-3-yl]-1-(4-methoxy-
butyl)-N-(2-methylpropyl)-1H-benzimidazole-2-carboxam-
ide or a salt thereof.

8. N-{(3S,5R)-5-[1-hydroxyethyl|piperidin-3-y1}-1-(4-
methoxybutyl)-N-(2-methylpropyl)-1H-benzimidazole-2-
carboxamide or a salt thereof.

#* #* #* #* #*



